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ABSTRACT 

In this paper we present fully reduced and dereddened emission line strengths 
for a sample of 45 southern Type II planetary nebulae (PNe). The spectropho- 
tometry for these PNe covers an extended optical/near-IR range from 3600 - 
9600 A. This PN study and subsequent analysis (presented in a companion pa- 
per), together with a similar treatment for a northern PN sample, is aimed at 
addressing the lack of homogeneous, consistently observed, reduced, and analyzed 
data sets that include the near-IR [S III] lines at 9069 and 9532 A. The use of 
Type II objects only is intended to select disk nebulae that are uncontaminated 
by nucleosynthetic products of the progenitor star. Extending spectra redward 
to include the strong [S III] lines enables us to look for consistency between 
abundances inferred from these lines and from the more accessible, albeit weaker, 
[S III] line at A6312. 
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Subject headings: ISM: abundances - planetary nebulae: general - planetary 
nebulae: individual (Cn2-1, Fg 1, Hc2-21, Hc2-37, Hc2-48, Hc2-55, Hc2-115, Hc2- 
123, He2-138, He2-140, Hc2-141, Hc2-157, Hc2-158, IC 1297, IC 2448, IC 2501, 
IC 2621, IC 4776, J320, Ml-5, Ml-25, Ml-34, Ml-38, Ml-50, Ml-54, Ml-57, 
M2-10, M3-4, M3-6, M3-15, NGC 2792, NGC 2867, NGC 3195, NGC 3211, 
NGC 3242, NGC 5307, NGC 6309, NGC 6439, NGC 6563, NGC 6565, NGC 6629, 
PB6, PC14, Pel-18, Tli2-A) - stars: evolution 



1. Introduction 

The study of the origin and buildup of the chemical elements in the universe relies heavily 
on the availability of accurately measured abundances for constraining model predictions. 
This paper is the second in a series that endeavors to measure abundances of S, CI, and Ar, 
all relative to O, and to compare our empirical results with model calculations available in 
the literature. 

One of the salient features of this project is to provide a large set of carefully and 
consistently measured abundances based upon a homogeneous, spectrophotometric data set 
which extends from 3600-9600 A. An important asset of this extended coverage is that 
it includes the strong nebular lines of [S III] AA9069,9532 which have never before been 
used extensively to study the S abundances in planetary nebulae (PNe). Previously, S"*"^ 
abundances have been inferred primarily by using the auroral line of [S III] at A6312, but 
this line is naturally weak and extremely tcmpcraturc-scnsitivc, raising some doubts about 
the accuracy of the ion abundances derived. The inclusion of both the auroral and nebular 
hues of [S III] allows us to compute abundances from both hue types and to comment 
on the common use of the auroral line by other investigators to study sulfur abundances. 

Kwitter & Henry (2001; hereafter Paper I) observed 19 northern Type II PNe over the 
same spectral region as described above. The reader is referred to their paper for a more 
extensive discussion of the motivation for this project. The current paper, Paper IIA in the 
series, presents spectrophotometric measurements for 45 southern Type II PNe; the analysis 
of the data and calculation of abundances based upon the data will follow in Paper IIB 



^Visiting Astronomer, Ccrro Tololo Intcramcrican Observatory, National Optical Astronomy Observato- 
ries, which is operated by the Association of Universities for Research in Astronomy, Inc. (AURA) under 
cooperative agreement with the National Science Foundation. 
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(Milingo, Henry, & Kwitter, in preparation). The current study, then, is complementary 
to Paper I. Future papers in the scries will consider objects for which spectroscopic mea- 
surements are available in the IR from the ISO satellite along with a final interpretation of 
abundance patterns observed within the entire sample. 

In the next section, we present the details of the observations and data reductions (§2.1), 
along with a careful consideration of the accuracy of the measured line strengths (§2.2). A 
brief summary is given in §3. 

2. Data 
2.1. Observations 

Observations were obtained at CTIO in 1997 from 29 March - 3 April using the 1.5m 
telescope and cassegrain spectrograph with Loral IK CCD. The 1200 x 800 Loral IK CCD has 
15/x pixels. We used a 5" x 320" extended slit in the E-W direction which accommodated most 
of the the angularly small objects in this collection. Perpendicular to dispersion the scale was 
1.3"/pixel. Gratings #22 and #9 were used to obtain extended spectral coverage from 3600- 
9600 Awith overlap in the Ha region. Both gratings have nominal wavelength dispersions of 
2.8 A/pixel and 8.6 A FWHM resolution. Table 1 lists the objects observed, their angular 
sizes in arcscconds, and the exposure times in seconds for the blue and red spectral regions 
observed with gratings ^^9 and ^^22 respectively. Most of the PNe were observed centered 
along the slit. For the angularly small objects, the central star was unavoidably included. 
In the case of a few angularly large objects we centered on the brightest portion of the 
nebula. Nightly calibration frames were obtained including bias exposures, twilight flats, 
dome flats, HeAr comparison spectra for wavelength calibration and standard star spectra 
for flux sensitivity calibration. 

The Loral IK CCD produces significant fringing at wavelengths beyond ~7500 A. As- 
suming less than ideal fringe removal via dome flats, reported amplitudes for interference 
fringes are ±1.25% at 7500 A, ±2.25% at 8000 A, ±5.7% at 8500 A, ±8% at 9000 A, and 
at the longest wavelengths we measure ±9.8% at 9500 A. We note this contribution to the 
uncertainty in our line intensities measured at wavelengths longer than 7500 A. 

The original two-dimensional spectra were reduced and calibrated using standard long- 
slit spectrum reduction methods in IRAF^. One-dimensional spectra were extracted from the 
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original two-dimensional images interactively using the kpnoslit package. Line fluxes were 
measured with splot. The final calibrated, merged spectrum of IC 2621 is shown in Fig. 1 
as an illustration of our data; important emission lines are identified. 

2.2. Line Strengths 

The focus of this paper is the hsting of line strengths presented in Tables 2A-H. Each 
table shows the line identification and wavelength in the first column. Fluxes uncorrected 

for reddening are presented in columns labeled F(A), where these flux values have been 
normalized to H/3=100 using our observed value of log Fh/3 shown in the last row of the table. 
These line strengths in turn were corrected for reddening by assuming that the dereddened 
relative strength of Ha/H/5=2.86 (Hummer & Storey 1987, Nc=100 cm'^, Tc=10,000 K) and 
computing the logarithmic extinction quantity c shown in the penultimate line of the table. 
Values for the reddening coefficients, f(A), are listed in column (2), where we employed the 
extinction curve of Savage & Mathis (1979). Intensities, 1(A), were obtained by multiplying 
F(A), the observed ratio relative to H/3, by dexp[cf(A)], where dexp[y]=10^. In general, 
intensities of strong lines, i.e. those whose strengths are equal to or greater than that of H/3, 
have measurement uncertainties <10%; single colons indicate uncertainties of more than 
~25%, and double colons denote uncertainties exceeding ~50%. This includes estimated 
errors in the c values of ~0.15. Our uncertainty estimates arc based on extensive previous 
experience with similar types of measurements. However, we also considered consistency 
between measurements performed independently on the data by two of us (JBM and KBK), 
as well as the quality of agreement between theory and observation for line ratios which have 
theoretically determined values. (See discussion of Table 3B below.) 

As a check on our reddening correction method, we have also calculated the extinction 
quantity, c, based on both the Paschen-10 and Paschen-8 fines at A9014 and A9546, respec- 
tively. Results of this exercise are presented in Table 3A, where for each object given in the 
first column we list the values of c(Hq;), c(PlO), and c(P8). All three values were calculated 
based upon theoretical line ratios given in Pengelly (1964). Since c is a measure of extinction 
column length, in principle all three values of c for any one object should be the same. 

Figure 2 is a plot of c(PlO) (open circles) or c(P8) (open squares) versus c(Hq;) for 
objects for which these values could be computed. The sofid diagonal fine indicates the 
track for the ideal one-to-one ratio. With the exception of a few outfiers, agreement is 
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satisfactory, although there is a suggestion of a systematic trend in which c for the Paschen 
hnes tends to be shghtly lower for a given c(Hq;). This effect could arise if telluric absorption 
in the region of the Paschen lines suppresses these lines, causing the values of c derived from 
them to be smaller. The same effect would result if Ha were systematically overestimated 
due to [N ll]-Ha deblending problems. It should also be noted that the deconvolution of P8 
from [S III] A9532 was difficult for most of these objects for two reasons. First, the ratio 
of P8/A9532 is in many cases only a few percent. Second, this blend falls near the edge 
of the spectrum where the focus is poorer, leading to broadened lines which are harder to 
deconvolve. 

An additional check for data quality is provided by information in Tabic 3B, where for 
each object we list the measured values of seven line ratios that are set solely by atomic 
parameters and thus are unaffected by environmental conditions. The ratios are defined in 
the table footnote. Values for each ratio were computed from dereddened line strengths in 
Tables 2. We omitted ratios where either one of the lines is marked with a double colon in 
Table 2. For [Ne III], our spectral resolution was insufficient to explicitly separate [Ne III] 
A3968 from He; we therefore calculated the He intensity from the theoretical ratio of He/H/? 
in Hummer & Storey (1987), and subtracted it from the blend. Note that the collection of 
intrinsically-constant ratios in Table 3B samples regions all across our spectral coverage. The 
penultimate line in the table gives the average for the column above it, while the last line 
shows the theoretical value. In a perfect world the theoretical value and all the numbers above 
it would agree precisely; the level of imperfection is indicated by the standard deviations 
associated with the means and by a general inspection of all of the numbers in any one 
column. There is good agreement for all line ratios. 

Finally, while we do not explicitly list them here, several objects appearing in the 
present sample were also a part of the northern sample discussed in Paper I. A comparison 
of the raw line strengths and derived c(Ho;) values between these two samples shows very 
good agreement. Given that the two sets of data were observed, reduced, and measured 
completely independently by different individuals using different instruments, this favorable 
agreement increases our confidence in both our method and in the resulting line strengths 
in each sample. 

3. Sumniciry 

We have described spectrophotometric observations between 3600-9600 A and presented 
an extensive list of line strengths for a sample of 45 southern Type II planetary nebulae. 
In a companion work. Paper IIB (Milingo, Henry, & Kwitter 2002) we will use these data 
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to derive electron temperatures and densities, as well as ionic and elemental abundances. 
These two papers are part of a large study of PNe described in detail in Paper I, whose 
purpose is to produce accurate measurements of interstellar S/0, Cl/0, and Ar/0 ratios 
and to compare these with predictions from theoretical models of stellar nucleosynthesis. 

We are grateful to the CTIO TAG for granting us observing time and to the IRAF staff 
for their ready answers. Our research is supported by NSF grant AST-9819123. 
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Table 1. Object and Exposure Time Data 



Obiert 


Angular Diameter (")^ 


Total Blue Exn fser") 


Total Red Exn (•iec) 


Cn2-1 


2.4 




360 


720 


Fg 1 


16 




1500 


900 


He2-21 


2.4 




1320 


3600 


He2-37 


23 




3300 


600 


He2-48 


14 




3000 


900 


Hc2-55 


18 




2700 


1500 


Hc2-115 


3 




1800 


300 


Hc2-123 


4.6 




900 


420 


He2-138 


7 




90 


530 


He2-140 


2.6 




780 


300 


He2-141 


14 




1500 


900 


He2-157 


3 




1200 


900 


Hc2-158 


2 




420 


600 


IC 1297 


7 




210 


210 


IC 2448 


9 




390 


300 


IC 2501 


2 




520 


1920 


IC 2621 


5 




210 


360 


IC 4776 


7.5 




45 


405 


J320 


6.4 




1140 


840 


Ml-5 


2 




1800 


540 


Ml-25 


4.6 




900 


360 


Ml-34 


11.2 




1800 


300 


Ml-38 


3.3 




300 


360 


Ml-50 


5.6 




1020 


300 


Ml-54 


13 




1200 


360 


Ml-57 


8.4 




1800 


300 


M2-10 


4 




1800 


300 


M3-4 


13.8 




3600 


3000 


M3-6 


8.2 




630 


1860 


M3-15 


4.2 




2100 


300 


NGC 2792 


13 




2400 


300 


NGC 2867 


14 




390 


240 


NGC 3195 


42 




1200 


900 


NGC 3211 


16 




480 


600 


NGC 3242A 


25 




450 


480 


NGC 3242B 


25 




225 


480 


NGC 5307 


12.5 




420 


420 


NGC 6309 


15.5 




900 


600 


NGC 6439 


5 




600 


360 


NGC 6563 


47.5 




1200 


600 


NGC 6565 


13.6 




420 


360 


NGC 6629 


15.5 




420 


360 


PB6 


11 






2100 


PC14 


7 




420 


300 


Pel-18 


6.8 




2100 


600 


Th2-A 


23 




1800 


1200 



^Taken from Acker et al. (1992). 
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Table 2A. Line Strengths 



Cn2-1 Fg 1 He2-21 He2-37 He2-48 He2-55 



Line f(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) 



[O II] A 3727 





29 


20.6 


33.4 


30.2 


.36.1 


7.6 


10.5 


255 


405 


213 


272 


13.8 


20.7 


He II + HIO A 3797 





27 


2.8 


4.4 


4.1 


4.8 


3.5 


4.3 


2.8: 


4.3: 


3.6: 


4.5: 






He II + H9 A 3835 





26 


3.9 


6.0 


4.8 


5.7 


4.9 


5.9 


3.7: 


5.6: 


4.6: 


5.7: 


13.6: 


19.5: 


[Ne III] A 3869 





25 


81.3 


123 


55.2 


64.3 


60.4 


72.6 


121 


180 


83.7 


103 


62.7 


88.9 


He I + H8 A 3889 





25 


10.8 


16.2 


18.5 


21.5 


14.2 


17.0 


11.6 


17.1 


19.1 


23.5 


5.7: 


8.0: 


He + [Nc HI] A 3968 





22 


34.4 


49.8 


30.3 


34.7 


30.5 


35.9 


50.1 


71.4 


41.7 


50.4 


33.7 


46.0 


He I + He II A 4026 





21 


1.3: 


1.9: 


2.3 


2.6 


1.7 


2.0 


0.8: 


1.2: 


1.4:: 


1.7:: 


1.7:: 


2.2:: 


[S II] A 4070 





20 


2.7 


3.7 


2.2: 


2.5: 


1.0 


1.1 


2.5 


3.4 


0.6:: 


0.8:: 


1.3:: 


1.7:: 


He II + H5 A 4101 





19 


19.2 


26.2 


25.9 


29.0 


21.1 


24.2 


17.9 


24.1 


21.7 


25.4 


18.4 


23.9 


He II A 4198 





16 






















1.6: 


2.0: 


C II A 4267 





14 


0.2:: 


0.3:: 


0.8: 


0.9: 


0.4 


0.5 


0.2:: 


0.3:: 


0.2:: 


0.2:: 






H7 A 4340 





12 


36.7 


45.1 


44.8 


48.3 


39.9 


43.7 


36.8 


44.5 


43.0 


47.5 


41.1 


48.8 


[O III] A 4363 





12 


8.2 


10.0 


3.5 


3.8 


13.2 


14.4 


20.6 


24.8 


9.3 


10.3 


9.5 


11.1 


He I A 4471 





09 


4.4 


5.1 


5.3 


5.6 


2.9 


3.1 


2.5 


2.8 


3.3: 


3.5: 






He II A 4540 





07 










0.8 


0.9 


2.1 


2.4 






3.0 


3.3 


N III A 4640 





05 


3.4 


3.6 


4.6 


4.7 


3.0: 


3.1: 














He II A 4686 





04 


4.4 


4.6 


14.7 


15.0 


27.8 


28.5 


62.5 


66.2 


16.8 


17.3 


97.6 


103 


He I + [Ar IV] A 4711 





03 


2.0 


2.2 


2.5 


2.5 


3.6 


3.7 


2.8 


3.0 


1.7:: 


1.7:: 


8.6 


9.0 


[Ne iV] A 4724 





03 


























[Ar IV] A 4740 





02 


2.8 


2.9 


1.6 


1.7 


3.6 


3.7 


1.5 


1.5 


0.7:: 


0.7:: 


3.8 


4.0 


H/3 A 4861 





00 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


He I A 4921 





00 


0.9:: 


0.9:: 


1.1: 


1.1: 


0.6: 


0.6: 






0.9:: 


0.9:: 






[O III] A 4959 


-0 


03 


554 


527 


224 


219 


376 


367 


688 


656 


338 


330 


294 


282 


[O III] A 5007 


-0 


04 


1719 


1605 


680 


663 


1144 


1110 


2132 


1996 


1028 


993 


898 


848 


[N I] A 5199 


-0 


09 


0.2 


0.2 


0.7 


0.7 










3.0 


2.8 






He II A 5411 


-0 


13 


0.33 


0.27 


0.9 


0.8 


2.8 


2.5 


6.8 


5.5 


2.0 


1.8 


9.7 


8.1 


[CI HI] A 5517 


-0 


16 


0.56 


0.43 


0.6: 


0.5: 


0.2: 


0.2: 


2.0 


1.6 


1.1:: 


0.9:: 


0.7: 


0.5: 


[CI III] A 5537 


-0 


16 


0.97 


0.74 


0.4: 


0.3: 


0.3: 


0.3: 


1.3 


1.0 


0.7:: 


0.6:: 


0.8: 


0.6: 


[O I] A 5577 


-0 


17 


0.23 


0.17 


0.8: 


0.7: 






3.0:: 


2.3:: 


5.0: 


4.3: 


1.6:: 


1.3:: 


[N II] A 5755 


-0 


21 


1.1: 


0.8: 


0.6 


0.6 


0.1:: 


0.1:: 


7.0 


5.0 


3.5 


3.0 


0.2:: 


0.2:: 


C IV A 5801 


-0 


22 






0.3: 


0.3: 


0.2: 


0.2: 










16.6 


12.3 


He I A 5876 


-0 


23 


26.4 


18.0 


17.8 


15.5 


15.1 


12.8 


11.5 


8.0 


15.0 


12.3 


5.8 


4.2 


He II A 6005 


-0 


26 


















0.2:: 


0.1:: 






He II A 6038 


-0 


26 


















0.3:: 


0.2:: 






He II A 6074 


-0 


27 


0.1:: 
















0.2:: 


0.2:: 






[Ca V] A 6087 


-0 


27 


























[K IV] A 6101 


-0 


28 


0.2:: 


0.1:: 


0.1:: 


0.1:: 


0.2:: 


0.1:: 






0.2:: 


0.1:: 






He II A 6119 


-0 


28 






















0.2:: 


0.2:: 


He II A 6172 


-0 


29 














0.7:: 


0.5:: 






0.3:: 


0.2:: 


[O I] A 6300 


-0 


31 


6.7 


4.0 


1.5 


1.2 


0.7 


0.6 


22.5 


13.7 


17.1 


13.1 






[S HI] A 6312 


-0 


32 


3.5 


2.1 


1.0 


0.9 


1.2 


0.9 


4.8 


2.9 






3.5 


2.3 


[O I] A 6363 


-0 


32 


2.4 


1.4 


0.4 


0.3 






6.3 


3.8 


5.3 


4.0 






He II A 6407 


-0 


33 






















0.8: 


0.5: 


[Ar IV] A 6436 


-0 


34 










0.2:: 


0.1:: 














[N 11] A 6548 


-0 


36 


20.7 


11.5 


20.2 


16.3 






162 


92.1 


82.1 


60.8 


5.7 


3.5 


Ha A 6563 


-0 


36 


518 


286 


356 


286 


372 


286 


505 


286 


387 


286 


471 


286 


[N II] A 6584 


-0 


36 


69.2 


38.0 


58.1 


46.6 


7.5 


5.7 


451 


254 


229 


169 


15.0 


9.1 
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Table 2A — Continued 



Line 




Cn2-1 


Fg 1 


He2-21 


He2-37 


He2-48 


He2-55 


f(A) 


F(X) 








FCA") 






ICA1 


FCA1 




F(A) 


1(A) 




-U.Oo 


9.1 


4.9 


5.3 


4.2 


4.6 


3.5 


5.0 


2.7 


4.4 


3.2 


2.6 1.5 


[O iij A U 1 J- 1 


-u.oy 


4.2 


2.2 


6.1 


4.8 


0.7 


0.5 


46.2 


25.1 


18.8 


13.6 


3.g 


2.2 


[O iiJ A O / OL 


-u.oy 


7.3 


3.8 


6.3 


5.0 


0.9 


0.6 


38.6 


20.9 


12.9 


9.3 


3.2 1.9 


Wo TT X f\^Q^ 

IIU 11 y\ UOf 1 


-0.42 














0.6:: 


0.3:: 






1.1 


0.6: 


yr\.L V J A i UUO 


-U.4:0 










0.4 


0.3 










0.6: 


0.3:: 


JTlfc; 1 A / UUO 


-0 44 


19.6 


9.4 


2.9 


2.2 


6.4 


4.6 


2.1: 


1.0: 


3.0: 


2.:1 


2.0: 


1.1:: 


fAr TTTl A 71 


-0.45 


39.6 


18.7 


15.7 


11.9 


8.6 


6.2 


62.4 


30.5 


21.8 


14.9 


24.5 13.1 


ne 11 A /I/O 












0.6 


0.4 










2.3 1.2 


fAr TVl X 79'ifi 

1 V J A / .^OU 


-0.47 










0.2 


0.1 






11.2: 


7.6: 






fAr TVl X 7984. 


-0.47 










0.2 


0.1 














nu 1 A / zo 1 


n A7 






0.8 


0.6 


0.9 


0.6 


0.8:: 


0.4:: 






3.8: 


2.0:: 


[O II] A 7323 


-0.48 


17.8 


8.1 


3.1 


2.3 


2.3 


1.6 


25.8 


12.1 






1.4: 


0.7:: 


[CI IV] A 7529 


-0.51 


0.64 


0.27 


0.3: 


0.2: 


0.5 


0.4 










1.5: 


0.8:: 


He II A 7591 


-0.52 














0.8:: 


0.4:: 






1.8: 


0.9:: 


[S I] A 7726 


-0.54 


























[Ar III] A 7751 


-0.54 


10.4 


4.3 


3.3 


2.4 


2.0 


1.3 


14.0 


6.0 


7.5 


4.7 


7.2 3.4 


[CI IV] A 8045 


-0.57 


1.8 


0.7 


0.7: 


0.5: 


1.2 


0.8 


2.5 


1.0 






1.7: 


0.8:: 


He II A 8236 


-0.59 






0.6 


0.4 


1.1 


0.7 


2.6:: 


1.0:: 






4.3 


1.9: 


P17 A 8467 


-0.62 


1.1 


0.4 


0.7: 


0.5: 


0.6 


0.4 


4.0:: 


1.5:: 


3.7:: 


2.2:: 


3.8 


1.6: 


P16 A 8502 


-0.62 


1.6 


0.6 


0.6: 


0.4: 


0.9 


0.5 










2.4: 


1.0:: 


P15 A 8544 


-0.63 


1.7 


0.6 


0.5: 


0.4: 


0.9 


0.6 














P14 A 8598 


-0.63 


1.9 


0.7 


1.1 


0.7 


1.0 


0.6 


1.2:: 


0.4:: 






2.6: 


1.1:: 


P13 A 8664 


-0.64 


2.1 


0.7 


0.9 


0.6 


1.5 


0.9 






1.2:: 


0.7:: 


2.5 


1.0: 


P12 A 8750 


-0.64 


2.7 


0.9 


1.5 


1.0 


2.2 


1.4 


3.1:: 


1.1:: 






4.1 


1.7: 


Pll A 8862 


-0.65 


4.7 


1.6 


1.7 


1.1 


2.7 


1.7 










3.9: 


1.6:: 


PIO A 9014 


-0.67 


5.2 


1.8 


2.0 


1.4 


2.7 


1.6 


6.4:: 


2.2:: 






7.4 


2.9: 


[S III] A 9069 


-0.67 


83.3 


27.6 


23.3 


15.5 


10.7 


6.6 


73.5 


25.5 


13.5: 


7.7: 


42.0 16.6 


P9 A 9228 


-0.68 


8.8 


2.9 


3.7 


2.4 


4.7 


2.9 


6.5 


2.2 


4.2:: 


2.4:: 


7.1 


2.7 


[S III] A 9532 


-0.70 


173 


54.6 


73.1 


47.8 


21.1 


12.7 


222 


73.6 


40.1: 


22.3: 


83.e 


31.7 


P8 A 9546 


-0.70 


8.8 


2.8 


3.2 


2.1 


6.0 


3.6 


3.6: 


1.2: 


11.4:: 


6.3:: 


5.2 2.0 


c 






0.72 




0.26 




0.32 




0.69 




0.36 




0.60 


log Fh5* 




-11.65 




-11.70 




-12.12 




-12.73 




-12.88 




-12.73 



^ergs cm ^ s ^ in our extracted spectra 
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Table 2B. Line Strengths 









He2-115 


He2-123 


He2- 


138 


He2- 


140 


He2 


141 


He2 


-157* 


Line 


f(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


[O II] A 3727 





29 


24.E 


95.i 


18.7 50.3 


34.3 


38.9 


32.7 


115 


47.1 


71.0 


62.6 


186.2 


He II + HIO A 3797 





27 


1.7 6.0 1.9 


4.7: 


2.9: 


3.3: 


1.6 


5.0 


3.2 


4.7 






He II + H9 A 3835 





26 


1.1 


3.7 


2.4 


5.8: 


4.8: 


5.4: 


1.8 


5.7 


4.3 


6.2 






[Ne III] A 3869 





25 


7.1 


22.9 4.3 10.1 






0.3:: 


0.9:: 


67.1 


95.6 






He 1 + H8 A 3889 





25 


4.6 14.4 7.7 17.7 


8.2 


9.2 


4.5 


13.0 


10.3 


14.6 






He + [Nc HI] A 3968 





22 


8.7 24.4 8.7 18.5 


12.2 


13.4 


5.4 


14.2 


33.3 


45.6 






He I + Hell A 4026 





21 


1.0: 


2.8: 


l.i 


3.7 










1.8 


2.4 






[S II] A 4070 





20 


0.9: 


2.2: 


0.4: 


0.9:: 


5.8: 


6.3: 


1.3:: 


3.1:: 


2.1 


2.8 






He II + H5 A 4101 





19 


9.i 


23.7 13.1 24.8 


22.9 


24.8 


9.8 


22.0 


20.9 


27.2 


3.1:: 


6.3:: 


He II A 4198 





16 


























C II A 4267 





14 


0.2: 


0.4: 


0.6 


0.9: 






0.2:: 


0.4:: 


1.0:: 


1.2:: 






H7 A 4340 





12 


25.1 


44.5 


30.5 


46.9 


40.9 


43.2 


26.1 


44.5 


40.5 


48.2 


18.3: 


29.1: 


[0 HI] A 4363 





12 


1.7 2.9 ■■■ 












14.5 


17.1 






He I A 4471 





09 


2.9 4.5 5.0 6.8 






2.0 


2.9 


1.4 


1.6 


3.1:: 


4.3:: 


He II A 4540 





07 


















2.3 


2.6 






N HI A 4640 





05 


1.0: 


1.3: 


1.6 


1.9: 






3.0: 


3.7: 


2.4:: 


2.6:: 


2.8:: 


3.3:: 


He II A 4686 





04 


0.9: 


1.1: 


0.3 


0.4: 






0.6: 


0.7: 


78.1 


82.2 






He I + [Ar IV] A 4711 





03 


0.8: 


0.9: 


0.8 


0.9: 






0.4: 


0.5: 


7.9 


8.2 






[Ne IV] A 4724 





03 


























[Ar IV] A 4740 





02 


















6.3 


6.5 






H/3 A 4861 





00 


100 100 100 100 


100 


100 


100 


100 


100 


100 


100 


100 


He I A 4921 





00 


1.1: 


1.1: 


1.8 


1.8: 






0.9:: 


0.9:: 










[O HI] A 4959 


-0 


03 


209 182 63.7 57.5 






15.5 


13.6 


430 


412 


66.0 


59.0 


[O HI] A 5007 


-0 


04 


686 565 207 180 


0.3: 


0.3: 


54.2 


45.3 


1331 


1256 


214 


183 


[N I] A 5199 


-0 


09 


0.£ 


0.6 1.7 1.3 


1.4 


1.4 


0.8:: 


0.5:: 


0.8 


0.7 






He II A 5411 


-0 


13 


















8.3 


6.9 






[CI HI] A 5517 


-0 


16 


0.3 


0.2 


0.5 


0.3: 






0.5:: 


0.3:: 


1.3 


1.0 


1.2 


0.7 


[CI HI] A 5537 


-0 


16 


1.2 


0.6 


0.8 


0.4: 






0.9:: 


0.4:: 


1.0 


0.8 


1.1 


0.6 


[O I] A 5577 


-0 


17 


0.9 


0.4 


0.4: 


0.2:: 






0.3:: 


0.1:: 


0.4:: 


0.3:: 


1.0:: 


0.5:: 


[N II] A 5755 


-0 


21 


5.e 


2.1 


2.9 1.4 


0.8: 


0.7: 


6.7 


2.8 


1.4 


1.0 






C IV A 5801 


-0 


22 


1.1: 


0.4: 


0.4: 
















0.3:: 


0.1:: 


He I A 5876 


-0 


23 


49.£ 


16.9 51.2 23.4 






33.0 


12.2 


8.5 


6.2 


41.4 


17.5 


He II A 6005 


-0 


26 














1.1 


0.4 










He II A 6038 


-0 


26 


0.4 


0.1 














0.3 


0.2 






He II A 6074 


-0 


27 


















0.2: 


0.:1 






[Ca V] A 6087 


-0 


27 


0.1: 
























[K IV] A 6101 


-0 


28 


0.1: 
















0.7:: 


0.5:: 






He II A 6119 


-0 


28 


0.1: 


0.03: 






















He II A 6172 


-0 


29 


























[O I] A 6300 


-0 


31 


i5.a 


3.5 3.3 1.1 


1.6 


1.4 


10.1 


2.6 


5.2 


3.4 


7.7 


2.4 


[S HI] A 6312 


-0 


32 


5.0 1.2 2.0 0.7 






3.5 


0.9 


3.8 


2.4 


4.6 


1.4 


[O I] A 6363 


-0 


32 


4.9 1.1 0.9: 


0.3:: 


0.4: 


0.3: 


2.9 


0.7 


1.4 


0.9 


1.9: 


0.6: 


He II A 6407 


-0 


33 


























[Ar IV] A 6436 


-0 


34 


















1.7 


1.1 






[N II] A 6548 


-0 


36 


142 26.8 295 87.8 


79.8 


68.4 


481 


104 


39.3 


23.8 


335 


88.3 


Hq a 6563 


-0 


36 


1534 286 968 286 


334 


286 


1340 


286 


474 


286 


1095 


286 


[N II] A 6584 


-0 


36 


412 75.4 872 254 


215 


184 


1431 


300 


118 


70.8 


970 


250 
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Table 2B— Continued 







He2-115 


He2-123 


He2-138 


He2-140 


He2-141 


He2-157a 


Line 


t(A) 


F(A) 


1(A) 


F{A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 




1(A) 


He I A 6678 


-0.38 


23.6 


4.0 


21.3 


5.9 






15.4 


3.0 


2.7 


1.6 


16.0 


3.9 


[S II] A 6717 


-0.39 


5.9 


1.0 


22.4 


6.0 


11.9 


10.1 


27.6 


5.3 


6.9 


4.0 


18.7 


4.4 


[S 11] A 6731 


-0.39 


12.3 


2.0 


34.4 


9.2 


22.1 


18.7 


52.4 


9.9 


8.6 


5.0 


34.1 


8.0 


He II A 6891 


-0.42 


















0.7 


0.4 








[Ar V] A 7005 


-0.43 


















3.5 


1.9 








He I A 7065 


-0.44 


62.5 


7.9 


26.5 


5.9 






28.5 


4.3 


2.8 


1.5 


28.0 


5.4 


[Ar III] A 7135 


-0.45 


127.0 


15.3 


52.0 


11.2 






65.8 


9.4 


3.8 


2.0 


75.0 


13.8 


He II A 7178 


-0.46 


















1.4 


0.8 








[Ar IV] A 7236 


-0.47 


3.2 


0.4 


2.2 


0.5 






2.4: 


0.3: 


0.4:: 


0.2:: 








[Ar IV] A 7264 


-0.47 


















0.3 


0.1 








He I A 7281 


-0.47 


5.7 


0.6 


3.4 


0.7 






4.1: 


0.5: 


0.3 


0.2 


3.9: 


0.7: 


[O II] A 7323 


-0.48 


191 


20.3 


9.2 


1.8 


2.0 


1.7 


64.7 


8.2 


9.6 


4.9 


89.0 


14.8 


[CI IV] A 7529 


-0.51 


















1.2 


0.6 








He II A 7591 


-0.52 


















1.3 


0.6 








[S I] A 7726 


-0.54 




























[Ar III] A 7751 


-0.54 


37.3 


3.0 


13.3 


2.1 






17.0 


1.7 


8.4 


4.0 


19.3 


2.6 


[CI IV] A 8045 


-0.57 


















1.5 


0.7 








He H A 8236 


-0.59 


















3.5 


1.5 








P17 A 8467 


-0.62 


5.0: 


0.3: 


2.3 


0.3 


0.4 


0.3 


4.2: 


0.3: 


0.6 


0.3 








P16 A 8502 


-0.62 


7.6 


0.4 


3.1 


0.4 


0.8 


0.6 


8.2: 


0.6: 


0.9 


0.4 








P15 A 8544 


-0.63 


7.3 


0.4 


3.9 


0.5 


1.0 


0.8 


6.6: 


0.5: 


0.9 


0.4 


4.0 


0.4 


P14 A 8598 


-0.63 


9.2 


0.5 


4.0: 


0.5: 


0.7 


0.5 


7.9 


0.5 


1.3 


0.5 


3.0 




0.3: 


P13 A 8664 


-0.64 


12.4 


0.6 


4.9 


0.6 


1.2 


0.9 


9.6 


0.6 


1.7 


0.7 


3.9 




0.4: 


P12 A 8750 


-0.64 


15.5 


0.8 


6.7 


0.8 


1.1 


0.8 


14.3 


0.9 


2.2 


0.9 


4.7 




0.4: 


Pll A 8862 


-0.65 


22.6 


1.1 


8.7 


0.9 


2.2 


1.6 


19.7 


1.2 


2.9 


1.2 


10.0 




0.9: 


PIO A 9014 


-0.67 


24.4 


1.1 


12.5 


1.3 


2.1 


1.6 


16.1 


0.9 


3.2 


1.2 


7.6 




0.6: 


[S III] A 9069 


-0.67 


369 


16.2 


248 


25.7 


5.0 


3.8 


508 


28.7 


52.9 


20.7 


349 


28.7 


P9 A 9228 


-0.68 


52.2 


2.2 


22.6 


2.3 


3.9 


2.9 


47.5 


2.6 


6.9 


2.6 


25.6: 


2.0: 


[S III] A 9532 


-0.70 


382: 


14.7: 


559 


52.4 


5.2 


3.9 


827 


41.2 


71.6 


26.9 


437 


32.3 


P8 A 9546 


-0.70 


52.3: 


2.0: 






0.7 


0.5 


47.0 


2.3 


6.8 


2.6 


36.0 


2.6 


c 






2.03 




1.47 




0.19 




1.86 




0.61 






1.62 


log Fh^'' 




-12.39 




-12.09 




-10.70 




-12.43 




-12.11 




-12.55 





*The spectrum of He2-157 contains a blue continuum and broad stellaj: absorption especially 
evident in the higher H and He lines. 

''ergs cm~^ s~^ in our extracted spectra 



Table 2C. Line Strengths 



He2-158 IC 1297 IC 2448 IC 2501 IC 2621 IC 4776 



Line 


f(A) 


F(A) 1(A) F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


\(~\ TTl \ QVOV 
[(J lij A o( Z( 


n on 

u.zy 


105 


138 


49.1 


01. D 


A Q ■ ■ 

4.O.. 


0.1.. 


Ai a. 
4 / .0 


fiO A 

Oy.4 


o4. ( 


fi7 c; 


/I Q fi 

4o.O 


c;q fi 
Oo.O 


-Tie 11 -|- XllU A Oiifi 


n 07 
U.z / 


4.7 


6.1 






Q Q 

o.y 


A 1 
4. 1 


fi 
O.O 


1 

0.1 


9 

Z.O 


A 1 
4.1 


A Q 
4.0 


A Q 
4.0 


TTci TT _L TTQ \ "^SiQc; 

-Tie 11 -|- xiy A oOoo 


U.zo 


4.9 


6.3 






O.y 



D.Z 


A A 
4.4 


fi o 
D.Z 


/I fi 
4.0 


7 O 


1 

0.1 


fi 

0.0 


TTTl \ QS^IQ 

[iNe iiij A oooy 


U.zo 


28.5 


36.0 


109 


11/1 
114 


Q7 

y ( .0 


1 nQ 
lUo 


00. y 


7c a 
/o.o 


Qfi A 

yo.4 


1 /10 

i4y 


fio 9 

oy.z 


7"^ /I 
( 0.4 


rie 1 -|- no A oOoy 


U.zo 


15.9 


20.0 


19.2 


on n 


1 7 O 


1 Q 1 

lo.l 


AAA 
14.4 


1 Q C 

ly.o 


1 n c; 
lU.O 


1 fi 1 
10.1 


10.0 


1 fi Q 
ID.o 


TJ^ 1 ri\T^ TTTl \ QflfiC 

xle + [INC lllj A oyDo 


n OO 
U.zz 


21.3 


26.3 


50.7 


C^O 7 


40. o 


/ion 
4o.y 


QO Q 
OZ.O 


4o.o 


AO A 
4z.4 


fio c; 
OZ.O 


Q7 Q 

oi .o 


/in Q 
4U.O 


tTq t _l tT/^ tt \ /inofi 
Tie 1 -|- nc 11 A '^vzu 


n 1 


2.0: 


2.5: 


2.1 


O O 


1 

1.0 


1 7 
1. 1 


o n 

Z.U 


9 7 
Z. ( 


1 Q 

i.y 


9 7 
Z. i 


9 Q 
Z.O 


9 K 

Z.O 


rc TTl \ AC\7f\ 
[O llj A 1 U 


fi on 
u. zu 


2.3: 


2.7: 


2.8: 


ft- 
Z.O- 


1 n 

l.U 


1 1 


9 

Z.O 


n 
o.u 


<^ 7 
0. / 


O.u 


"X 7 
O. 1 


O.y 


rT„ TT _i_ TJX \ /nm 
rie 11 -|- rio A 'y:iui 


u.iy 


20.6 


24.5 


26.0 


Oi^ Q 


07 A 
Z / .4 


OC A 
Z0.4 


oi c 

Zl .o 


97 C 
Z / .o 


9n 1 
ZU. 1 


97 Q 
Z i .o 


9/1 A 
Z4.4 


9fi n 
zo.u 


rie 11 A 4iycS 


n 1 
U.iO 


















n fi.. 
U.O:: 


n 7.. 
U. / :: 






11 A 'izo 1 


U. 141 


0.3:: 


0.3:: 


0.5: 


U.O. 


U.4. 


n /I • 

U.4. 


n Q 
U.O 


1 n 

l.U 


U.O. 


n fi. 

U.O. 


n 1 •• 

U.I.. 


n 1 . . 

U.I.. 


rl'y A 4o4U 


n 1 o 


42.8 


48.1 


45.7 


A(K 7 
40. ( 


APi K 
40.0 


A1 ft 
4 ( .o 


/1Q 1^ 
4o.O 


Ci 1 1 

01.1 


Q7 1 


/ifi Q 

40. 


/I 7 

40. ( 


/17 7 
4 ( . / 


rr^ TTTl \ A 'ifi'i 

[KJ lllj A 4oOo 


n 1 o 


2.4 


2.7 


9.3 


o 

y .0 


1 fi n 

10. U 


1 fi /t 
10.4 


A 7 
4. / 


/I 

0.4 


1 Q 9 
lO.Z 


99 Q 
ZZ.O 


O.y 


fi 9 
D.Z 


TTo T \ AA7^ 


n no 


4.2 


4.6 


4.3 






■o.o 


9 
O.Z 


O.o 


9 Q 

Z.y 




A 

^.y 


0.1 


TT „ TT \ /I C: /I n 

xlC 11 A 4o4U 


U.U / 






1.0 


l.U 


1 A 
1.4 


1 A 
1.4 






1 A 
1.4 


1.0 






IV TTT \ AfiAC\ 
IN ill A 4D4U 


U.UD 


1.5:: 


1.6:: 


8.5 


o.D 


o c 

Z.O 


O Q 
Z.O 


1 n 
l.U 


1 n 

l.U 


K 1 
0.1 


0.0 


1 1 ■ ■ 
1.1.. 


11.- 
1.1.. 


■PTc TT \ AfiSifi 
rie 11 A 4DoD 


U.U4 






34.4 


04.D 


/in /I 

4U.4 


A{\ Q 
4U.O 






QQ 1 
OO.l 


/in fi 
4U.D 






xle 1 + [Ar ivj A 4i i± 


n HQ 
U.Uo 


0.5:: 


0.5:: 


1.8 


1 Q 

i.cS 


c; A 
0.4 


0.4 


1 1 
1.1 


1 1 
1.1 


A A 
4.4 


/I 7 
4. / 


1 1 .. 
1.1:: 


1 1 . . 

1.1:: 


ri\Ti^ T\/'l \ /1 70/1 
[IN e 1 V J A 4 ( Z4 


U.Uo 


















n 

Z.U 


1 
Z. 1 






r A f TA/l \ AT Ad 
[/\r IVJ A 4 i 4U 


n no 
U.Uz 






1.6 


1.0 


A 7 
4. i 


A 7 
4. ( 


n fi 

U.O 


n fi 
U.O 


O 9 

y.z 


O fi 

y .0 


n /I - - 

U.4. . 


n /I ■ ■ 

U.4.. 


Xip A 4o01 


n nn 
U.UU 
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U.UU 
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1.7: 


0.8:: 


n 
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TTTl \ /1Qc;Q 

[vj lllj A 4yoy 
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-U.Uo 


169 


164 


452 


A c^n 

40U 


OOO 


QCfi 

ooO 


Q1 1 

oil 


9QQ 

zyy 


004 


OoO 


Q/1 O 
04Z 


OOO 


ro TTTl \ p;nn7 

[vy lllj A OUU ( 


n OA 


527 


507 


1367 


loO / 


1 1 s*? 
lloo 


I 1 7*^ 

I I / o 


yoD 


yuD 


1 70S 

1 f Zo 


1 fins 

lOUo 


1 C\A'X 

lU^O 


1 nos 

lUZO 


ri\T Tl \ 1^1 QQ 

[IN ij A oiyy 


n no 
-u.uy 


1.4 


1.3 


0.3:: 


n 

\).o.. 






n fi 

U.O 


n 

U.O 


n 0-- 
U.y . . 


n Q-- 
U.O.. 


n Q-. 
U.O.. 


n Q.. 
U.O.. 


TTq TT \ 1 1 

ne 11 A 0411 


n 1 Q 
-U.lo 






3.0 


o o 
z.y 


Q O 


Q O 
O.Z 






A 9 
4,Z 


o.o 






rPl TTTl \ f^f^l 7 
[Ul lllj A OOl ( 


-U. ID 


0.2:: 


0.1:: 


0.7 


n 7 


n o 
U.z 


n o 
U.z 


n /I 

U.4 


n Q 
U.O 


n 

U.O 


n /i 
U.4 


n /I 

U.4 


n /I 

U.4 


rOl TTTl \ i=;'^Q7 
[Ol lllj A OOo ( 


-U.ID 


0.5 


0.4 


0.8 


n 7 


n o 
U.z 


n o 
U.z 


n 7 

U. ( 


n fi 
U.O 


1 o 
l.Z 


n Q 
U.y 


n fi 
U.O 


n fi 

U.O 


[W iJ A OO ( 1 


-U. 1 1 


0.6:: 


0.5:: 


0.1:: 


n 1 •• 

U. 1.. 






n 1 •• 

U.I.. 


n 1 •• 

U. 1.. 




U.O 






TNT TTl \ P;7i=;c; 
[iM llj AO* OO 


n oi 


2.7 


2.2 


0.8 


n Q 
U.cS 


n 1 .. 

U.I.. 


n 1 . . 

U.I.. 


o n 

Z.U 


1 fi 
1.0 


Q o 

O.Z 


Q 

O.O 


1 Q 
l.o 


1 o 
l.Z 


n TV A '^801 


-0.22 






2.6 


2.5 


0.4 


0.4 






0.5: 


0.3: 






He I A 5876 


-0.23 


20.3 


16.4 


14.6 


14.0 


10.2 


9.7 


22.4 


16.7 


19.9 


13.3 


16.9 


15.6 


He n A 6005 


-0.26 


























He H A 6038 


-0.26 






0.1:: 


0.1:: 










0.2:: 


0.1:: 






He H A 6074 


-0.27 










0.1:: 


0.1:: 














[Ca V] A 6087 


-0.27 


















0.9: 


0.5: 






[K IV] A 6101 


-0.28 






0.1:: 


0.1:: 


0.2:: 


0.2:: 






0.6: 


0.4: 






He H A 6119 


-0.28 


























He n A 6172 


-0.29 










0.1 


0.1 






0.2: 


0.1; 






[O I] A 6300 


-0.31 


9.8 


7.3 


2.3 


2.2 






7.7 


5.1 


21.1 


12.3 


4.9 


4.4 


[S HI] A 6312 


-0.32 


1.3 


1.0 


2.3: 


2.2: 


0.6 


0.5 


1.8 


1.2 


6.1 


3.5 


2.3 


2.0 


[O I] A 6363 


-0.32 


2.1 


1.6 


0.5 


0.5 






2.5 


1.7 


7.1 


4.0 


1.6 


1.4 


He H A 6407 


-0.33 










0.3 


0.3 






0.3: 


0.2 : 






[Ar IV] A 6436 


-0.34 










0.1:: 


0.1:: 






3.0 


1.7 






[N II] A 6548 


-0.36 


66.7 


47.8 


22.3 


21.0 






36.8:: 


23.2:: 


115 


62.0 






Ho A 6563 


-0.36 


400 


286 


304 


286 


307 


286 


455 


286 


533 


286 


323 


286 


[N II] A 6584 


-0.36 


159 


113 


56.3 


52.9 


1.1 


1.0 


99.0 


61.9 


296 


158 


38.3 


33.9 
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Table 2C — Continued 



He2-158 IC 1297 IC 2448 IC 2501 IC 2621 IC 4776 



Line 




F(A) 


1(A) 


F(X) 








Fix) 




Fix) 


IfA") 


F(X) 


l(X) 


He I A 6678 


-0.38 


6.6 4.6 


4.4 


4.1 


3.4 


3.2 


6.8 


4.2 


6.5 


3.4 


4.8 


4.2 


[S II] A 6717 


-0.39 


8.6 6.0 


5.7 


5.3 


0.2 


0.1 


3.3 


2.0 


5.6 


2.9 


2.4 


2.1 


[S 11] A 6731 


-0.39 


13.1 9.1 


8.5 


8.0 


0.1 


0.1 


5.9 


3.6 


11.0 


5.6 


4.2 


3.7 


He II A 6891 


-0.42 






0.2 


0.2 


0.2 


0.2 






0.6 


0.3 






[Ar V] A 7005 


-0.43 


0.2: 


0.2:: 






0.1 


0.1 


0.1:: 


0.1:: 


7.7 


3.6 


0.1:: 


0.1:: 


He I A 7065 


-0.44 


8.8 5.8 


4.7 


4.4 


2.6 


2.4 


14.5 


8.2 


14.8 


6.9 


10.1 


8.7 


[Ar HI] A 7135 


-0.45 


14.8 9.7 


18.0 


16.7 


5.3 


4.8 


25.1 


14.0 


66.6 


30.4 


16.6 


14.2 


He II A 7178 


-0.46 






0.3: 


0.3: 


0.5 


0.4 






1.7 


0.8 






[Ar IV] A 7236 


-0.47 






0.1:: 


0.1:: 


0.2: 


0.1: 


1.2 


0.7 


1.4 


0.6 






[Ar IV] A 7264 


-0.47 










0.1: 


0.1: 














He I A 7281 


-0.47 


1.4 0.9 


0.6 


0.6 


0.4 


0.4 


1.2 


0.7 


1.4 


0.6 


0.8 


0.7 


[O II] A 7323 


-0.48 


17.2 11.0 


5.0 


4.6 


0.7 


0.6 


21.3 


11.5 


54.8 


23.9 


17.9 


15.2 


[CI IV] A 7529 


-0.51 






0.2: 


0.2: 


0.3 


0.3 






1.0 


0.4 


0.1:: 


0.1:: 


He II A 7591 


-0.52 






0.3: 


0.3: 


0.5 


0.4 






1.1: 


0.5: 






[S I] A 7726 


-0.54 


















0.2: 


0.1: 






[Ar HI] A 7751 


-0.54 


3.5 2.1 


3.8 


3.5 


1.3 


1.2 


7.0 


3.5 


16.4 


6.5 


4.0 


3.3 


[CI IV] A 8045 


-0.57 


0.1: 


0.1:: 


0.6 


0.6 


0.7 


0.6 


0.2 


0.1 


2.4 


0.9 


0.2 


0.2 


He II A 8236 


-0.59 






0.8 


0.7 


0.9 


0.8 






2.5 


0.9 






P17 A 8467 


-0.62 


1.0: 


0.6:: 


0.4 


0.3 






0.8 


0.3 


1.1 


0.4 


0.5 


0.4 


P16 A 8502 


-0.62 


1.5: 


0.9:: 


0.5 


0.5 


0.5 


0.5 


0.9 


0.4 


1.5 


0.5 


0.6 


0.5 


P15 A 8544 


-0.63 


1.5 


0.8: 


0.7 


0.6 


0.6 


0.5 


1.1 


0.5 


1.7 


0.6 


0.7 


0.6 


P14 A 8598 


-0.63 


1.1 


0.6: 


0.6 


0.5 


0.7 


0.6 


1.4 


0.6 


1.7 


0.6 


0.8 


0.6 


P13 A 8664 


-0.64 


2.0 


1.1: 


0.9 


0.8 


0.9 


0.8 


1.6 


0.7 


2.5 


0.8 


1.0 


0.8 


P12 A 8750 


-0.64 


1.9 


1.1: 


1.2 


1.1 


1.0 


0.9 


2.0 


0.9 


3.2 


1.1 


1.2 


1.0 


Pll A 8862 


-0.65 


2.6 


1.1: 


1.6 


1.4 


1.5 


1.3 


2.9 


1.2 


4.5 


1.5 


1.7 


1.4 


PIO A 9014 


-0.67 


2.9 


1.5: 


1.8 


1.6 


2.0 


1.7 


2.9 


1.2 


5.3 


1.7 


2.0 


1.6 


[S III] A 9069 


-0.67 


37.2 19.9 


32.6 


29.1 


2.9 


2.5 


33.7 


14.2 


75.2 


23.6 


30.6 


24.4 


P9 A 9228 


-0.68 


5.2 


2.7: 


3.4 


3.0 


2.6 


2.3 


5.2 


2.2 


8.4 


2.6 


3.1 


2.5 


[S III] A 9532 


-0.70 


40.5 21.1 


94.0 


83.5 


5.9 


5.2 


77.3 


31.4 


338 


101 


91.6 


72.3 


P8 A 9546 


-0.70 


1.7: 0.9: 


1.0: 


0.9: 


1.9 


1.7 


10.1 


4.1 


14.9: 


4.4: 


1.7: 


1.3: 


c 






0.40 




0.07 




0.09 




0.56 




0.75 




0.15 


log 




-12.08 


-11.13 




-11.14 




-10.70 




-11.29 




-10.78 





^'ergs cm ^ s ^ in our extracted spectra 
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Table 2D. Line Strengths 



J320 Ml-5 Ml-25 Ml-34 Ml-38 Ml-50 



Line f(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) 



[O II] A 3727 





29 


6.9 


8.0 


25.1 


57.2 


42.7 


106 


128 


291 


52.8 


104 


5.9 


12.8 


He II + HIO A 3797 





27 


3.3 


3.8 


1.4:: 


3.0:: 


2.2 


5.1 


2.8: 


6.0: 


1.4: 


2.5: 


2.5: 


5.1: 


He II + H9 A 3835 





26 


4.1 


4.6 


2.1: 


4.5: 


3.6 


8.0 


2.3: 


4.9: 


3.2: 


5.8: 


3.1: 


6.2: 


[Ne III] A 3869 





25 


89.1 


102 


4.5 


9.1 


4.4 


9.5 


45.1 


91.6 


0.9:: 


1.5:: 


64.1 


125 


He I + H8 A 3889 





25 


17.3 


19.7 


4.9 


9.9 


9.1 


19.5 


11.3 


22.6 


5.7 


10.0 


9.8 


18.8 


He + [Ne III] A 3968 





22 


43.3 


48.7 


8.2 


15.4 


10.1 


20.2 


26.6 


50.0 


6.7 


11.1 


30.2 


54.8 


He I + He II A 4026 





21 


1.8 


2.0 


1.0 


1.7 


1.7 


3.3 


2.3 


4.1 






1.2:: 


2.0:: 


[S II] A 4070 





20 


0.4: 


0.4: 


1.1 


1.8 


3.3 


6.0 


6.9: 


12.1: 


4.1 


6.4 


1.2:: 


2.1:: 


He II + H(5 A 4101 





19 


22.2 


24.5 


11.3 


19.2 


15.0 


26.8 


14.6 


24.8 


14.7 


22.7 


16.8 


27.7 


He II A 4198 





16 


























C II A 4267 





14 






0.2:: 


0.3:: 


0.2:: 
















H7 A 4340 





12 


41.8 


44.6 


27.3 


38.7 


33.7 


49.5 


33.9 


48.1 


33.7 


44.8 


32.1 


44.6 


[O III] A 4363 





12 


14.5 


15.4 


1.5 


2.1 


1.3 


1.9 


2.8 


3.9 






9.4 


12.9 


He I A 4471 





09 


4.5 


4.7 


3.1 


4.0 


4.8 


6.4 


4.6 


5.9 






3.4 


4.3 


He II A 4540 





07 






















0.7: 


0.9: 


N HI A 4640 





05 


1.1; 


1.1: 


0.9:: 


1.0:: 


33.2 


38.5 


2.7: 


3.0: 






4.7 


5.3 


He II A 4686 





04 


3.4 


3.5 


0.2:: 


0.2:: 


6.2:: 


7.0:: 


13.7 


15.2 






20.8 


22.9 


He I + [Ar IV] A 4711 





03 


5.0 


5.1 


0.6 


0.7 






1.7 


1.9 






4.0 


4.3 


[Ne IV] A 4724 





03 


























[Ar IV] A 4740 





02 


3.7 


3.7 


0.1:: 


0.1:: 






0.5: 


0.5: 






4.9 


5.2 


H/3 A 4861 





00 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


He I A 4921 





00 


1.3:: 


1.3:: 


1.1: 


1.1: 


1.9 


1.9 


1.2: 


1.2: 






1.0: 


1.0: 


[O III] A 4959 


-0 


03 


397 


391 


102 


93.7 


170 


155 


252 


232 






586 


541 


[O III] A 5007 


-0 


04 


1220 


1194 


324 


288 


549 


483 


791 


704 


1.2: 


1.1: 


1823 


1633 


[N I] A 5199 


-0 


09 


0.1:: 


0.1:: 


0.5: 


0.4: 


1.0 


0.8 


12.9 


10.1 


1.1:: 


0.8:: 






He II A 5411 


-0 


13 


0.2:: 


0.1:: 






1.2 


0.8 


2.0: 


1.4: 






2.7 


1.9 


[CI HI] A 5517 


-0 


16 


0.6 


0.5 


0.3: 


0.2: 


0.6 


0.4 


1.9 


1.2 






0.6: 


0.4: 


[CI HI] A 5537 


-0 


16 


0.4 


0.3 


0.6: 


0.4: 


1.5 


0.9 


1.7 


1.1 






0.9: 


0.6: 


[O I] A 5577 


-0 


17 


0.3 


0.2 


1.1:: 


0.7:: 










0.6:: 


0.4:: 


0.8: 


0.5: 


[N 11] A 5755 


-0 


21 


0.3: 


0.3: 


4.6 


2.6 


4.7 


2.5 


12.6 


7.0 


1.7: 


0.9: 


0.3: 


0.2: 


C IV A 5801 


-0 


22 


0.3 


0.3 






35.5 


18.2 














He I A 5876 


-0 


23 


18.9 


16.8 


31.6 


16.5 


43.1 


21.1 


36.9 


19.2 


4.3: 


2.5: 


25.9 


14.0 


He II A 6005 


-0 


26 


























He II A 6038 


-0 


26 


























He II A 6074 


-0 


27 






0.1: 


0.1: 














0.2:: 


0.1:: 


[Ca V] A 6087 


-0 


27 


























[K IV] A 6101 


-0 


28 


0.3: 


0.2: 










0.4:: 


0.2:: 






0.3:: 


0.2:: 


He II A 6119 


-0 


28 


























He II A 6172 


-0 


29 


























[O I] A 6300 


-0 


31 


0.9 


0.8 


5.8 


2.4 


6.1 


2.3 


58.3 


24.2 


4.5 


2.2 


0.9 


0.4 


[S III] A 6312 


-0 


32 


1.3 


1.1 


2.0 


0.8 


5.0 


1.9 


4.2 


1.7 


0.5:: 


0.2:: 


3.5 


1.5 


[O I] A 6363 


-0 


32 


0.3 


0.2 


1.5 


0.6 


1.9 


0.7 


19.7 


7.9 


0.8 


0.3 


0.2:: 


0.1:: 


He II A 6407 


-0 


33 


























[Ar IV] A 6436 


-0 


34 


























[N 11] A 6548 


-0 


36 


7.1: 


5.9: 


120: 


43.7: 


234 


77.4 


561 


205 


149 


65.4 






H« A 6563 


-0 


36 


345 


286 


788 


286 


871 


286 


787 


286 


670 


286 


743 


286 


[N II] A 6584 


-0 


36 


16.4 


13.6 


251 


90.1 


652 


212 


1689 


607 


412 


178 


23.4 


8.9 
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Table 2D — Continued 



Line 




J320 


Ml-5 


Ml-25 


Ml-34 


Ml-38 


Ml-50 


f(A) 








IfA") 


FCA") 


IfA") 


FfA") 


IfAl 


FCA1 


ICA") 


F(A) 




IfA") 




-U.Oo 


5.2 


4.2 


11.9 


4.1 


16.7 


5.2 


13.6 


4.7 


1.0: 


0.4: 


10.2 


3.7 


TTl \ fi717 


-u.oy 


0.9 


0.8 


3.5 


1.2 


17.9 


5.4 


161 


65.6 


23.6 


9.4 


2.2 


0.8 


[O iij A UfOl 


-u.oy 


1.6 


1.3 


6.7 


2.2 


32.0 


9.6 


175 


71.3 


44.4 


17.6 


3.9 


1.4 


lie 11 A UOf 1 


-0.42 




























y/\L V J A / UUO 


-U.4:0 






0.6:: 


0.2:: 










0.5:: 


0.2:: 


0.8: 




0.3:: 


XlC J. A i L/v)0 


-0 44 


6.9 


5.5 


32.4 


9.3 


29.8 


7.6 


12.8 


3.7 


0.8: 


0.3: 


15.5 


4.8 


r A r TTTl A 71 


-0.45 


10.3 


8.1 


30.2 


8.4 


95.2 


23.4 


92.7 


25.9 


1.6: 


0.6: 


37.8 


11.4 


Wo TT \ 71 7H 

ne 11 A /I/O 
























1.3 


0.4:: 


fAr TVl A 79'ifi 

1 V J A 1 ^0\J 


-0.47 


0.1:: 


0.1:: 


1.7 


0.4 


1.5 


0.4 










0.6: 




0.2 


fAr TVl A 79fi4 


-0.47 






















0.5: 




0.1:: 


XIU 1 A i ZO 1 


n A7 


0.9: 


0.7: 


3.8 


1.0 


3.2 


0.7 










2.4 


0.7 


[O II] A 7323 


-0.48 


3.0 


2.4 


107 


27.6 


43.4 


9.8 


32.4 


8.4 


14.6 


4.7 


8.9 


2.5 


[CI IV] A 7529 


-0.51 


0.5: 


0.4: 


















1.6 


0.4 


He II A 7591 


-0.52 






















1.3 


0.3 


[S I] A 7726 


-0.54 




























[Ar III] A 7751 


-0.54 


2.4 


1.8 


8.8 


1.9 


27.5 


5.2 


25.8 


5.7 


0.4:: 


0.1:: 


10.4 


2.5 


[CI IV] A 8045 


-0.57 


1.1 


0.8 


















5.0 


1.1 


He II A 8236 


-0.59 


















7.8 


1.9 


3.1 


0.6 


P17 A 8467 


-0.62 


0.6 


0.5 


2.4 


0.4 


2.4 


0.4 






1.3 


0.3 


1.8 




0.3: 


P16 A 8502 


-0.62 


0.6 


0.4 


3.2 


0.5 


3.2 


0.5 






1.8 


0.4 


2.1 




0.4: 


P15 A 8544 


-0.63 


0.8 


0.6 


3.9 


0.7 


3.5 


0.5 






1.8 


0.4 


2.1 




0.4: 


P14 A 8598 


-0.63 


1.1 


0.8 


4.7 


0.8 


3.4 


0.5 






1.9 


0.4 


2.8 




0.5: 


P13 A 8664 


-0.64 


1.5: 


1.1: 


5.3 


0.9 


4.8 


0.7 


3.7:: 


0.6:: 


2.2 


0.5 


3.7 




0.7: 


P12 A 8750 


-0.64 


1.8 


1.3 


7.5 


1.2 


6.7 


0.9 


6.5:: 


1.1:: 


3.5 


0.8 


5.6 




1.0: 


Pll A 8862 


-0.65 


2.7 


1.9 


11.5 


1.8 


9.0 


1.2 


6.8:: 


1.1:: 


5.0 


1.1 


6.8 




1.2: 


PIO A 9014 


-0.67 


2.3 


1.7 


2.9 


0.4 


10.6 


1.4 


8.2: 


1.3: 


4.0 


0.9 


8.5 




1.5: 


[S III] A 9069 


-0.67 


9.8 


6.9 


86.2 


13.1 


292 


36.8 


241 


36.7 


36.1 


7.4 


76.9 


13.0 


P9 A 9228 


-0.68 


3.2 


2.2 


20.9 


3.1 


18.8 


2.3 


11.2: 


1.7: 


10.6 


2.1 


12.5 


2.1 


[S III] A 9532 


-0.70 


27.3 


19.0 


272 


38.0 


929 


107 


743 


104 


71.4 


13.4 


247 


38.7 


P8 A 9546 


-0.70 


4.2 


2.9 


30.5 


4.3 


12.5 


1.4 


24.8: 


3.5: 


14.3 


2.7 


6.0: 




0.9:: 


c 






0.23 




1.22 




1.34 




1.22 




1.03 






1.15 


log 




-11.51 




-12.04 




-12.01 




-12.70 




-11.98 




-12.17 
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Table 2E. Line Strengths 



Line 


f(A) 


Ml-54 


Ml-57 


M2-10 


M3-4 


M3-6 


M3-15 


F(A) 1(A) F(A) 


1(A) 


F(A) 1(A) F(A) 


1(A) 


F(A) 1(A) 


F(A) 


1(A) 


[O II] A 3727 





29 


134 


236 


75.8 


254 


38.3 


84.5 


268 


346 


11.8 


15.0 


10.5 


36.8 


He II + HIO A 3797 





27 


2.9 


4.8 


2.0:: 


D.o:: 


1.8:: 


3.8:: 


3.7 


4. / 


0.6:: 


1.7:: 






He II + H9 A 3835 





26 


3.8 


6.4 






2.4:: 


4.8:: 


4.4 


0.0 


4.0 


4.9 


i.o:: 


4.0:: 


[Ne III] A 3869 





25 


74.4 


121 


60.6 


1 i z 


3.7 


7.4 


115 


1 /I Q 

i4o 


38.6 


47.4 


on n 

zu.y 


DU.l 


He I + H8 A 3889 





25 


14.4 


23.2 


6.7 


1 Q K 


10.3 


20.1 


18.2 


ZZ.o 


16.4 


20.0 


0.0 


1 K 


He + [Nc III] A 3968 





22 


36.6 


56.5 


19.7 


49.9 


10.2 


18.7 


51.7 


62.8 


24.5 


29.4 


11.2 


28.5 


He I + He II A 4026 





21 


2.2 


3.3 


0.7:: 


i.D.. 


1.7 


3.0 


2.5 


o.U 


2.0 


2.4 


1 n. 
i.U. 




[S II] A 4070 





20 


8.3 


12.1 


9.4 


Zl .0 


1.6 


2.7 


0.9:: 


1 fi- ■ 
i.U. . 


0.5:: 


0.6:: 


1 A-- 


0.0. . 


He II + H6 A 4101 





19 


19.5 


28.0 


11.5 


zo.U 


15.3 


25.5 


22.1 


zo.U 


22.1 


25.7 




zz.U 


He II A 4198 





16 


























C II A 4267 





14 


0.4: 


0.5: 






0.3:: 


0.5:: 






0.3:: 


0.3:: 


U.z:: 


C\ A,, 

U.4:: 


H7 A 4340 





12 


37.6 


47.8 


26.9 


40. U 


33.4 


46.8 


45.1 


OU.Z 


42.3 


46.8 




41. y 


[O III] A 4363 





12 


4.8 


6.0 


16.3 


ZD.O 






10.8 


ion 


2.0 


2.2 


1 n 

i.y 


Q 1 

0. i 


He I A 4471 





09 


5.2 


6.1 


1.7 




5.4 


6.9 


5.5: 


O.y. 


5.3 


5.7 


0.0 


0.0 


He II A 4540 





07 


0.4: 


0.5: 


1.1: 


i.O. 






1.0:: 


11.. 










N HI A 4640 





05 


5.3 


5.8 


3.3: 


A 1 . 


0.9:: 


1.0:: 






3.6 


3.7 


1 K Q- ■ 
10. 0:: 


io.y:: 


He II A 4686 





04 


16.8 


18.0 


44.0 


oi.i 






31.6 


OZ.D 


1.1 


1.2 


0.0:: 


A 0.. 

4.z:: 


He I + [Ar IV] A 4711 





03 


3.3 


3.5 


4.9 


5.5 


0.5:: 


0.6:: 


2.6 


2.7 


0.8 


0.9 


1 A,. 

1.4:: 


1.6:: 


[Ne IV] A 4724 





03 






1.8 


Z.KJ 


















[Ar IV] A 4740 





02 


2.2 


2.3 


7.3 


Q 1 






1.8 


1.0 


0.3 


0.4 


u.y. . 


i.U.. 


H/3 A 4861 





00 


100 


100 


100 


1 nn 

iUU 


100 


100 


100 


lUU 


100 


100 


1 nn 


IUU 


He I A 4921 





00 


1.5:: 


1.5:: 






1.6:: 


1.6:: 


0.6:: 


0.6:: 


1.1: 


1.1: 


1.1:: 


1.1:; 


[O HI] A 4959 


-0 


03 


305 


288 


655 


0(0 


48.0 


44.2 


371 


001 


235 


229 


QOQ 

ozo 


zoy 


[O III] A 5007 


-0 


04 


941 


868 


2173 


1 QOO 


154 


138 


1120 


1 non 


714 


690 


1 (TTI 
iU ( i 


yu4 


[N I] A 5199 


-0 


09 


13.0 


11.0 


5.5 


o.y 


1.9 


1.5 


4.9 


A K 

4.0 






U.z:: 


U.i:: 


He II A 5411 


-0 


13 


1.8 


1.4 


9.5 


c; A 
0.4 






4.0 


0.0 










[CI III] A 5517 


-0 


16 


1.0 


0.8 


2.1 


i.i 


0.6: 


0.4: 


0.9 


U.o 


0.3 


0.3 


U.o 


U.4 


[CI HI] A 5537 


-0 


16 


1.1 


0.8 


3.0 


1.0 


0.5: 


0.3: 


0.8: 


U. / : 


0.4 


0.3 


1 Q 
i.O 


U.y 


[O I] A 5577 


-0 


17 


0.3:: 


0.2:: 


0.7:: 


U.4.. 


0.8 


0.5 


2.8: 


Z.4. 






u.y.. 


U.4.. 


[N II] A 5755 


-0 


21 


14.3 


9.6 


25.4 


1 n Q 
iU.o 


2.4 


1.4 


5.6 


A '7 
4. / 


0.1:: 


0.1:: 


O.D 




C IV A 5801 


-0 


22 


















2.1 


1.8 


65.7 


25.9 


He I A 5876 


-0 


23 


29.1 


18.6 


31.8 


12.2 


37.0 


19.8 


18.5 


15.1 


20.3 


16.8 


48.4 


18.3 


He II A 6005 


-0 


26 


























He II A 6038 


-0 


26 


























He II A 6074 


-0 


27 














0.5:: 


0.4:: 










[Ca V] A 6087 


-0 


27 






10.2 


3.3 


















[K IV] A 6101 


-0 


28 






1.5 


0.5 










0.1:: 


0.1:: 






He II A 6119 


-0 


28 


0.2 


0.1 






















He II A 6172 


-0 


29 


0.1 


0.1 






















[O I] A 6300 


-0 


31 


36.8 


20.1 


112 


30.7 


4.2 


1.8 


24.9 


19.0 






9.8 


2.6 


[S HI] A 6312 


-0 


32 


3.2 


1.8 


29.3 


7.8 


1.2 


0.5 


0.8:: 


0.6:: 


0.8 


0.7 


6.4 


1.7 


[O I] A 6363 


-0 


32 


12.2 


6.5 


37.2 


9.7 


1.1 


0.5 


7.6 


5.7 






3.8 


1.0 


He II A 6407 


-0 


33 






1.2 


0.3 


















[Ar IV] A 6436 


-0 


34 


0.1:: 


0.1:: 


7.0 


1.7 


















[N II] A 6548 


-0 


36 


478 


240 


620 


141 


212 


80.5 


141 


103 






107 


23.2 


Ho A 6563 


-0 


36 


573 


286 


1268 


286 


758 


286 


391 


286 


383 


286 


1316 


286 


[N II] A 6584 


-0 


36 


1428 


707 


1874 


416 


608 


227 


391 


286 


6.6 


4.9 


216 


47.0 
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Table 2E — Continued 



Ml-54 



Ml-57 



M2-10 



M3-4 



M3-6 



M3-15 



Line f(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) 



He I A 6678 
[S II] A 6717 
[S II] A 6731 
He II A 6891 
[Ar V] A 7005 
He I A 7065 
[Ar HI] A 7135 
He II A 7178 
[Ar IV] A 7236 
[Ar IV] A 7264 
He I A 7281 
[O II] A 7323 
[CI IV] A 7529 
He II A 7591 
[S I] A 7726 
[Ar HI] A 7751 
[CI IV] A 8045 
He II A 8236 
P17 A 8467 
P16 A 8502 
P15 A 8544 
P14 A 8598 
P13 A 8664 
P12 A 8750 
Pll A 8862 
PIO A 9014 
[S III] A 9069 
P9 A 9228 
[S HI] A 9532 
P8 A 9546 
c 

log Fh;3^ 



■0.38 
■0.39 
■0.39 

-0.42 
-0.43 
-0.44 
■0.45 
■0.46 
-0.47 
-0.47 
-0.47 
-0.48 
■0.51 
■0.52 
■0.54 
-0.54 
-0.57 
-0.59 
■0.62 
■0.62 
■0.63 
■0.63 
-0.64 
-0.64 
-0.65 
■0.67 
■0.67 
■0.68 
■0.70 
■0.70 



10.2 


4.9 


14.2 


2.9 


14.7 


5.3 


5.9 


4.2 


6.3 


4.6 


22.9 


4.6 


83.3 


39.5 


131 


26.5 


24.5 


8.6 


14.2 


10.1 


0.5 


0.3 


15.4 


3.0 


110 


51.9 


214 


42.8 


33.4 


11.7 


11.4 


8.1 


0.6 


0.5 


26.7 


5.1 






2.5 


0.4 


















0.3:: 


0.2:: 


18.3 


3.0 


















10.1 


4.3 


26.9 


4.3 


11.9 


3.6 


4.0 


2.7 


6.3 


4.4 


43.7 


6.8 


62.0 


25.9 


210 


32.2 


35.0 


10.3 


31.1 


21.0 


25.0 


17.3 


120 


17.8 


0.8:: 


0.3:: 


8.3 


1.2 






















1.2: 


0.2: 










0.3:: 


0.2:: 


1.1: 


0.2: 


1.6 


0.6 


2.4 


0.3 






0.9: 


0.6: 


0.9 


0.6 


5.7 


0.8 


22.0 


8.7 


252 


34.5 


7.0:: 


1.9:: 


15.0 


9.8 


2.7 


1.8 


47.7 


6.2 






4.4 


0.5 










0.1 


0.1 







15.9 
1.5 
1.4 
1.1 
1.4: 
1.4: 
1.4 
2.8 
3.9 
4.2 
5.6 
150 
8.0 
220 
2.8:: 

-11.97 



5.6 
0.5 
0.4 
0.3 
0.4 
0.4 
0.4 
0.8 
1.1 
1.2 
1.5 
41.2 
2.2 
57.1 
0.7:: 
0.84 



57.4 
12.0 
11.7 
3.1: 
4.3 
6.3 
7.9 
8.8 
9.7 
13.8 
17.3 
690 
37.7: 
2117 



6.2 
1.1 
1.0 
0.2: 
0.3 
0.5 
0.6 
0.6 
0.7: 
0.9 
1.1 
43.2 
2.3: 
118 

1.80 



9.3 2.2 
0.9:: 0.2:: 



7.5: 4.6 



4.9 3.2 
0.2:: 0.1:: 



37.9 
1.6 



3.9 
0.1 







0.9 


0.5 












2.5:: 


0.5:: 


2.0 


1.1 





6 


0.3 


4.6: 


0.3: 






1.2 


0.7 





8 


0.5 


5.7: 


0.4: 













9 


0.5 


7.9 


0.6 


2.6: 


0.5: 


1.0 


0.6 


1 


2 


0.7 


6.9 


0.5 


2.7: 


0.5: 






1 


7 


1.0 


10.4: 


0.7: 


4.5: 


0.8: 


5.2 


3.0 


2 


1 


1.2 


13.5 


0.9 


5.8: 


1.0: 


1.4 


0.8 


2 


4 


1.4 


18.6 


1.2 


3.5 


0.6 






1 


2 


0.7 


13.8 


0.8 


146 


23.8 


13.7 


7.6 


32 


9 


19.1 


489 


28.6 


14.4 


2.3 


4.6: 


2.5: 


4 


9 


2.8 


40.2 


2.3 


240 


36.2 


40.3 


21.8 


74 


1 


42.0 


1494 


77.0 


13.3 


2.0 


5.0: 


2.7: 


7 


4 


4.2 


20.0 


1.0 




1.18 




0.38 






0.35 




1.84 



-12.59 



-12.50 



-12.61 



-11.22 



-12.59 
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Table 2F. Line Strengths 



NGC 2792 NGC 2867 NGC 3195 NGC 3211 NGC 3242AaNGC 3242B'' 



Line 



f(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) 



[0 II] A 3727 





29 


4.7: 


7.4: 


83.2 


99.2 


240 


282 


23.4 


27.7 


7.7 


7.7 


10.9: 


11.2: 


He II + HIO A 3797 





27 


2.1: 


3.2: 


6.8: 


8.0: 


3.9 


4.5 


4.1 


4.8 


4.2 


4.2 


4.3 


4.4 


He II + H9 A 3835 





26 


4.3 


6.4 


6.8: 


8.0: 


5.6 


6.5 


5.8 


6.7 


5.9 


5.9 


5.9 


6.0 


[Ne III] A 3869 





25 


46.0 


67.8 


91.0 


106 


70.0 


80.3 


83.4 


96.5 


99.5 


99.5 


103 


105 


He I + H8 A 3889 





25 


14.8 


21.6 


16.7 


19.4 


15.5 


17.7 


13.3 


15.3 


18.6 


18.6 


20.2 


20.6 


He + [Ne III] A 3968 





22 


26.2 


37.0 


43.3 


49.5 


40.6 


45.9 


41.9 


47.7 


40.1 


40.1 


49.5 


50.5 


He I + He II A 4026 





21 


1.0: 


1.4: 


1.8 


2.1 


2.5 


2.9 


1.4 


1.6 


2.0 


2.0 


2.1 


2.2 


[S II] A 4070 





20 


0.8: 


1.0: 


3.0 


3.4 


7.2 


8.0 


1.7 


1.9 


1.0 


1.0 


1.2: 


1.2: 


He II + H5 A 4101 





19 


20.8 


27.8 


23.3 


26.1 


25.8 


28.6 


25.5 


28.4 


27.4 


27.4 


27.6 


28.1 


He II A 4198 





16 


1.1: 


1.4: 


0.5:: 


0.6:: 






1.3: 


1.4: 


0.6:: 


0.6:: 


0.1:: 


0.1:: 


C II A 4267 





14 


0.1:: 


0.1:: 


0.8 


0.9 


1.2:: 


1.3 :: 


0.4: 


0.5: 


0.7 


0.7 


0.6 


0.6 


H7 A 4340 





12 


39.9 


48.3 


43.5 


46.9 


43.9 


47.0 


45.5 


48.9 


46.7 


46.7 


47.0 


47.5 


[0 HI] A 4363 





12 


14.2 


17.0 


12.8 


13.7 


2.8 


3.0 


22.3 


23.9 


13.3 


13.3 


13.0 


13.1 


He I A 4471 





09 


0.6 


0.7 


3.5 


3.7 


5.4 


5.7 


1.1 


1.2 


3.6 


3.6 


4.3 


4.3 


He II A 4540 





07 


3.0 


3.4 


1.1 


1.1 






2.5 


2.6 


1.0 


1.0 


0.7: 


0.7: 


N HI A 4640 





05 


2.4: 


2.6: 


3.2 


3.3 


2.6: 


2.7: 


4.0 


4.1 


3.8 


3.8 


3.5 


3.5 


He II A 4686 





04 


91.8 


97.0 


32.2 


32.9 


12.7 


13.0 


86.8 


88.6 


31.1 


31.1 


16.8 


16.9 


He I + [Ar IV] A 4711 





03 


9.3 


9.7 


2.4 


2.4 


1.1: 


1.2: 


11.9 


12.1 


4.7 


4.7 


4.2 


4.2 


[Nc IV] A 4724 





03 


























[Ar IV] A 4740 





02 


8.2 


8.5 


1.8 


1.8 


0.5 


0.5 


8.9 


9.0 


4.1 


4.1 


3.6 


3.6 


H/3 A 4861 





00 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


He I A 4921 





00 










1.4: 


1.4: 






0.6:: 


0.6:: 


0.7:: 


0.7:: 


[O HI] A 4959 


-0 


03 


331 


316 


456 


448 


214 


211 


492 


484 


426 


426 


424 


423 


[O HI] A 5007 


-0 


04 


1023 


960 


1380 


1346 


643 


629 


1491 


1456 


1280 


1280 


1276 


1271 


[N I] A 5199 


-0 


09 






0.8 


0.8 


5.0 


4.8 


0.2:: 


0.2:: 










He II A 5411 


-0 


13 


10.5 


8.5 


3.2 


2.9 


1.0 


0.9 


7.7 


7.1 


2.6 


2.6 


1.4 


1.4 


[CI III] A 5517 


-0 


16 


0.7 


0.5 


0.7 


0.6 


0.8 


0.7 


1.1 


1.0 


0.3 


0.3 


0.3 


0.3 


[CI HI] A 5537 


-0 


16 


0.6 


0.5 


0.8 


0.7 


0.7 


0.6 


1.0 


0.9 


0.3 


0.3 


0.3 


0.3 


[O I] A 5577 


-0 


17 


0.2:: 


0.2:: 


0.1:: 


0.1:: 


0.5:: 


0.5:: 


0.2: 


0.2: 










[N II] A 5755 


-0 


21 


0.1:: 


0.1:: 


1.5 


1.3 


4.6 


4.1 


0.3:: 


0.2:: 


0.1 


0.1 


0.1:: 


0.1:: 


C IV A 5801 


-0 


22 


0.9 


0.6 


0.6 


0.5 










0.2 


0.2 






He I A 5876 


-0 


23 


4.3 


3.0 


14.4 


12.5 


18.8 


16.6 


5.0 


4.4 


11.5 


11.5 


12.9 


12.6 


He II A 6005 


-0 


26 


0.1:: 


0.1:: 


0.1:: 


0.1:: 


















He II A 6038 


-0 


26 


0.2:: 


0.1:: 














0.1: 


0.1: 






He II A 6074 


-0 


27 


0.1:: 


0.1:: 


0.1:: 


0.1:: 










0.1: 


0.1: 






[Ca V] A 6087 


-0 


27 


























[K IV] A 6101 


-0 


28 


0.8 


0.5 


0.2:: 


0.2:: 






0.4:: 


0.3:: 


0.3: 


0.3: 


0.2:: 


0.2:: 


He H A 6119 


-0 


28 


0.1:: 


0.1:: 


0.1:: 


0.1:: 










0.1: 


0.1: 






He II A 6172 


-0 


29 


0.4: 


0.3: 


0.1:: 


0.1:: 






0.2:: 


0.2:: 










[O I] A 6300 


-0 


31 






8.9 


7.4 


14.7 


12.4 














[S III] A 6312 


-0 


32 


2.9 


1.8 


2.2 


1.8 


1.6 


1.3 


3.7 


3.1 


0.8 


0.8 


0.7 


0.7 


[O I] A 6363 


-0 


32 






2.9 


2.4 


4.9 


4.1 














He II A 6407 


-0 


33 


0.8: 


0.5: 


0.2: 


0.1: 


0.1:: 


0.1:: 


0.4:: 


0.3:: 


0.1: 


0.1: 


0.1:: 


0.1:: 


[Ar IV] A 6436 


-0 


34 


2.5 


1.5 


0.1:: 


0.1:: 






1.4:: 


1.2:: 










[N II] A 6548 


-0 


36 


3.5:: 


2.0:: 


34.8 


28.1 


157 


129 


6.4:: 


5.2:: 










Hq a 6563 


-0 


36 


498 


286 


355 


286 


348 


286 


352 


286 


270 


270 


295 


286 


[N II] A 6584 


-0 


36 


6.2:: 


3.5:: 


81.9 


65.8 


461 


378 


14.6 


11.8 


1.7:: 


1.7:: 


3.8: 


3.7: 
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Tablc 2F — Continued 



NGC 2792 NGC 2867 NGC 3195 NGC 3211 NGC 3242A*NGC 3242B'' 



Line 


f(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


He I A 6678 


-0.38 


2.7 


1.5 


4.5 


3.6 


5.7 4.6 


2.2 


1.8 


3.5 


3.5 


3.6 


3.5 


[S U\ A 6717 


-0.39 


0.8 


0.4 


6.7 


5.3 


58.0 47.0 


3.2 


2.5 


0.3 


0.3 


0.4 


0.4 


IIJ A 6731 


-0.39 


1.2 


0.7 


9.6 


7.6 


48.5 39.2 


3.7 


3.0 


0.4 


0.4 


0.5 


0.5 


He H A 6891 


-0.42 


1.5 


0.8 


0.3: 


0.2: 


0.1: 


0.1:: 


0.8 


0.6 


0.2 


0.2 


0.2:: 


0.2:: 


[Ar V] A 7005 


-0.43 


6.2;: 


3.2:: 


0.2: 


0.1: 






3.1 


2.4 


0.1 


0.1 


0.1 


0.1 


He I A 7065 


-0.44 


1.6 


0.8 


56.7 


43.5 


3.2 2.5 


1.4 


1.1 


2.9 


2.9 


4.5 


4.3 


FA TTTi \ T-tor* 

[Ar HIJ A 7135 


-0.45 


18.7 


9.3 


18.7 


14.2 


28.2 22.0 


22.8 


17.6 


7.2 


7.2 


10.5 


10.1 


TT TT \ ^1 

He II A 7178 


-0.46 


2.8 


1.4 


0.5: 


0.4: 






1.5 


1.1 


0.3: 


0.3: 


0.4:: 


0.3:: 


[Ar IV] A 7236 


-0.47 


0.9 


0.4 


0.8 


0.6 


0.2: 


0.2:: 


0.6 


0.4 


0.2 


0.2 


0.4 


0.4 


[Ar IV] A 7264 


-0.47 


0.9 


0.4 










0.4 


0.3 


0.1: 


0.1: 


0.2 


0.2 


T T T \ -T*"» o 1 

He I A 7281 


-0.47 






0.7 


0.5 


0.9 


0.7: 


0.1 


0.1 


0.4 


0.4 


0.7 


0.6 


[O II] A 7323 


-0.48 


1.3 


0.6 


12.1 


9.1 


7.5 5.8 


2.0 


1.5 


1.0 


1.0 


1.4 


1.3 


[CI IV] A 7529 


-0.51 


1.6 


0.7 


0.3 


0.3 


0.1 0.1 


0.8 


0.6 


0.4 


0.4 


0.5 


0.5 


He II A 7591 


-0.52 


2.7 


1.2 


0.4:: 


0.3:: 


1.1: 


0.8:: 


1.6 


1.2 


0.2: 


0.2: 


0.2:: 


0.2:: 


[S I] A 7726 


-0.54 


0.5:: 


0.2:: 






















[Ar HI] A 7751 


-0.54 


4.4 


1.9 


4.4 


3.2 


5.8 


4.3 


4.9 


3.6 


1.7 


1.7 


2.4 


2.3 


[CI IV] A 8045 


-0.57 


3.9 


1.6 


0.8 


0.6 


0.1: 


0.1:: 


2.2 


1.6 


0.8 


0.8 


1.0 


1.0 


He II A 8236 


-0.59 


5.3 


2.1 


1.0 


0.7 


0.3: 


0.2:: 


2.6 


1.9 


0.6:: 


0.6:: 


0.6 


0.6 


P17 A 8467 


-0.62 


0.7 


0.3 


0.6 


0.4 


1.0 


0.7: 


0.4 


0.3 


0.3 


0.3 


0.4 


0.4 


P16 A 8502 


-0.62 


1.0 


0.4 


0.7 


0.5 


0.6 


0.4: 


0.5:: 


0.3:: 


0.4 


0.4 


0.5 


0.5 


P15 A 8544 


-0.63 


1.3 


0.5 


0.7 


0.5 


0.8 


0.6: 


0.7 


0.5 


0.5 


0.5 


0.7 


0.6 


P14 A 8598 


-0.63 


1.3 


0.5 


0.9 


0.6 


0.8 


0.5: 


0.8 


0.5 


0.5 


0.5 


0.8 


0.7 


P13 A 8664 


-0.64 


2.0 


0.7 


1.3 


0.9 


1.1 


0.8: 


1.2 


0.9 


0.8 


0.8 


1.0 


0.9 


P12 A 8750 


-0.64 


3.0 


1.1 


1.5 


1.0 


1.8 


1.2: 


1.4 


1.0 


1.0 


1.0 


1.2 


1.2 


Pll A 8862 


-0.65 


4.5 


1.6 


2.3 


1.6 


2.4 1.7 


1.9 


1.3 


1.3 


1.3 


1.7 


1.6 


PIO A 9014 


-0.67 


4.4 


1.6 


2.3 


1.5 


2.5 


1.7: 


2.5 


1.7 


1.4 


1.4 


2.0 


1.8 


[S HI] A 9069 


-0.67 


19.4 


6.9 


22.9 


15.3 


33.3 23.1 


26.1 


17.7 


4.9 


4.9 


7.4 


7.0 


P9 A 9228 


-0.68 


7.6 


2.7 


4.5 


3.0 


3.1 


2.1 


3.9 


2.7 


2.4 


2.4 


3.5 


3.3 


[S HI] A 9532 


-0.70 


60.8 


20.7 


81.1 


53.3 


120 81.9 


68.9 


46.0 


16.1 


16.1 


20.7 


19.5 


P8 A 9546 


-0.70 


8.2 


2.8 


3.2 


2.1 


2.8 


1.9: 


4.1 


2.7 


2.3 


2.3 


3.2 


3.0 


c 






0.67 




0.26 




0.24 




0.25 




0.00 




0.04 


log Fh/3° 




-11.76 




-10.91 




-11.74 


-11.39 




-10.46 




-10.52 





''offset 12" E, 9" N of the central star 

offset 8" S of the ecntral star 
'^ergs cin^"^ s^^ in our extracted spectra 
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Table 2G. Line Strengths 



NGC 5307 NGC 6309 NGC 6439 NOG 6563 NGG 6565 NGG 6629 



Line f(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) F(A) 1(A) 



[O II] A 3727 





29 


7.5: 


9.9: 


14.2 


21.9 


29.6 


59.2 


364 


424 


298 


386 


21.2 


36.2 


He II + HIO A 3797 





27 


2.9; 


3.8: 


2.8 


4.2 


2.1 


4.0 






3.5 


4.5 


2.0 


3.3 


He II + H9 A 3835 





26 


4.5: 


5.8: 


4.1 


6.1 


3.3 


6.1 






5.1 


6.4 


3.0 


4.9 


[Ne III] A 3869 





25 


90.7 


116 


65.3 


94.8 


69.7 


127 


102 


116 


109 


136 


25.7 


40.8 


He I + H8 A 3889 





25 


14.2 


18.0 


10.7 


15.4 


11.0 


19.7 


20.7 


23.5 


17.7 


22.0 


12.2 


19.2 


He + [Ne III] A 3968 





22 


35.5 


44.1 


33.1 


46.1 


29.3 


49.9 


49.3 


55.4 


49.8 


60.7 


18.5 


27.9 


He I + He II A 4026 





21 


1.5: 


1.8: 


1.2 


1.6 


2.0 


3.2 






2.4 


2.9 


1.3: 


1.9: 


[S II] A 4070 





20 


0.9: 


1.1: 


2.1: 


2.9: 


3.2 


5.1 






10.5 


12.5 






He II + H6 A 4101 





19 


21.5 


25.8 


21.9 


28.9 


18.1 


28.3 


23.3 


25.7 


23.4 


27.6 


17.6 


24.8 


He II A 4198 





16 


0.5: 


0.6: 


0.9:: 




















G II A 4267 





14 






0.3:: 


0.4:: 


0.6 


0.9 






0.3: 


0.3 : 


0.3: 


0.4: 


H7 A 4340 





12 


40.7 


45.9 


39.0 


46.9 


34.5 


46.3 


47.5 


50.7 


43.3 


48.3 


36.9 


46.3 


[O III] A 4363 





12 


14.7 


16.5 


10.0 


11.9 


6.4 


8.4 


7.2 


7.6 


7.9 


8.8 


2.1 


2.7 


He I A 4471 





09 


2.8 


3.1 


1.5 


1.7 


3.8 


4.6 


3.1: 


3.3: 


4.7 


5.1 


3.9 


4.6 


He II A 4540 





07 


0.9 


1.0 


2.4 


2.7 


0.3 


0.4 






0.5 


0.5 






N HI A 4640 





05 


1.7: 


1.8: 


5.5 


5.9 


6.6 


7.4 






1.0:: 


1.0:: 


2.7: 


2.9: 


He II A 4686 


0.04 


40.1 


41.5 


77.0 


81.2 


20.5 


22.3 


15.9 


16.2 


15.2 


15.7 


1.1: 


1.2: 


He I + [Ar IV] A 4711 





03 


5.5 


5.7 


11.3 


11.8 


4.0 


4.3 






2.0 


2.1 


0.7: 


0.7: 


[Ne IV] A 4724 


0.03 


























[Ar IV] A 4740 





02 


4.8 


4.9 


8.5 


8.8 


4.7 


4.9 






1.4 


1.5 






H/3 A 4861 





00 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 


He I A 4921 





00 


0.3:: 


0.3:: 


0.2:: 


0.2:: 


0.9:: 


0.9:: 


1.8:: 


1.8:: 


0.9:: 


0.9:: 


1.1:: 


1.1:: 


[O III] A 4959 


-0 


03 


416 


404 


352 


337 


457 


425 


321 


316 


398 


388 


232 


220 


[O III] A 5007 


-0 


04 


1285 


1234 


1081 


1017 


1422 


1288 


989 


968 


1215 


1171 


723 


670 


[N I] A 5199 


-0 


09 










1.0 


0.8 


4.8:: 


4.6:: 


5.8 


5.4 






He II A 5411 


-0 


13 


4.0 


3.5 


7.8 


6.4 


2.5 


1.8 


1.2:: 


1.1:: 


1.5 


1.3 






[CI III] A 5517 


-0 


16 


0.3: 


0.3: 


0.6 


0.5 


1.1 


0.7 


0.5:: 


0.4:: 


1.3 


1.1 


0.6 


0.4 


[GI III] A 5537 


-0 


16 


0.2: 


0.2: 


0.7 


0.5 


1.5 


1.0 


0.2:: 


0.2:: 


1.3 


1.1 


0.5 


0.4 


[O I] A 5577 


-0 


17 










0.2:: 


0.1:: 






0.4 


0.3 






[N II] A 5755 


-0 


21 


0.1:: 


0.1:: 


0.4 


0.3 


3.7 


2.3 


5.2 


4.6 


8.3 


6.9 






G IV A 5801 


-0 


22 






0.5: 


0.4: 














2.1 


1.4 


He I A 5876 


-0 


23 


11.7 


9.4 


9.4 


6.7 


29.1 


16.8 


16.1 


14.3 


18.0 


14.7 


23.2 


15.2 


He II A 6005 


-0 


26 






0.1:: 


0.1:: 


















He II A 6038 


-0 


26 






0.1:: 


0.1:: 


















He II A 6074 


-0 


27 


0.1:: 


0.1:: 


0.2:: 


0.1:: 


0.1: 


0.1: 














[Ga V] A 6087 


-0 


27 


























[K IV] A 6101 


-0 


28 


0.4: 


0.3: 


0.1:: 


0.1:: 


0.5: 


0.2: 














He II A 6119 


-0 


28 


0.2: 


0.1: 


0.3: 


0.2: 


















He II A 6172 


-0 


29 






0.4 


0.3 


















[O I] A 6300 


-0 


31 


0.3:: 


0.2:: 


2.5 


1.6 


8.3 


4.0 


24.5 


20.8 


29.8 


22.6 






[S HI] A 6312 


-0 


32 


1.3:: 


1.0:: 


2.3 


1.4 


5.8 


2.7 






3.2 


2.4 


0.9 


0.5 


[O I] A 6363 


-0 


32 






0.8 


0.5 


2.8 


1.3 


7.9 


6.7 


9.6 


7.2 






He II A 6407 


-0 


33 


0.2 


0.2 


0.4 


0.3 


















[Ar IV] A 6436 


-0 


34 


0.2 


0.2 


2.2 


1.4 


















[N II] A 6548 


-0 


36 






13.9 


8.2 


119 


50.9 


130 


108 


195 


142 


8.3 


4.3 


Ha A 6563 


-0 


36 


405 


286 


487 


286 


672 


286 


345 


286 


393 


286 


553 


286 


[N II] A 6584 


-0 


36 


4.3 


3.0 


39.7 


23.2 


299 


126 


372 


308 


572 


415 


21.1 


10.8 
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Table 2G — Continued 



Line 


f(A) 


NGC 5307 


NGC 6309 


NGC 6439 


NGC 6563 


NGC 6565 


NGC 6629 






F(\) 




FCA1 


IfA1 




IfAl 


F(A) 


1(A) 


FfA") 






-U.Oo 


4.2 


2.9 


5.5 


3.1 


10.6 


4.3 


4.5 


3.7 


5.6 4.0 


8.1 


4.1 


[C; TTl \ fi71 7 


-u.oy 


0.7:: 


0.5:: 


4.5 


2.5 


17.3 


6.9 


24.2 


19.8 


55.3 


39.3 


1.1 


0.6 


['^ TTl \ ^7*^1 


-u.oy 


1.0:: 


0.7:: 


7.1 


4.0 


27.9 


11.1 


18.6 


15.2 


70.4 


49.9 


1.4 


0.7 


TTn TT \ fiKQl 


-0.42 


0.4: 


0.3: 


0.6 


0.3 


0.4: 


0.2: 














[i-il V J A / UUO 


-U.4:0 


0.6 


0.4 


2.1 


1.1 


1.3 


0.5 














xlt; 1 A / DUO 


-0 44 


3.5 


2.3 


4.5 


2.4 


15.2 


5.3 


5.1 


4.0 


5.e 


3.8 


9.7 


4.3 


\Ar TTTl A 71 


-0.45 


7.7 


5.0 


29.4 


15.0 


81.5 


27.8 


27.1 


21.4 


38.8 


26.0 


29.1 


12.7 


PTfi TT X 71 7S 
nti 11 A /I/O 




0.8 


0.5 


1.4: 


0.7: 


1.1:: 


0.4:: 














TAr TVl X 79'ifi 


n A7 


0.2:: 


0.1:: 


0.2:: 


0.1:: 


1.1 


0.4 










1.5: 


0.6: 


fAr TVl A 79fi4 


-0.47 


0.2:: 


0.1:: 


0.3:: 


0.1:: 


















TTo T \ 79R^ 

XI <J 1 A / ZO 1 


n A7 


0.5 


0.3 


0.6 


0.3 


1.8 


0.6 


1.4 


1.1 


0.8 0.5 


2.0 


0.8 


[0 II] A 7323 


-0.48 


2.1 


1.3 


6.1 


3.0 


16.9 


5.4 


14.1 


11.0 


24.e 


16.1 


4.5 


1.9 


[CI IV] A 7529 


-0.51 


0.7 


0.4 


1.4 


0.6 


0.6: 


0.2: 






0.2: 


0.1:: 






He II A 7591 


-0.52 


0.2 


0.2 


1.9 


0.9 


















[S I] A 7726 


-0.54 


























[Ar III] A 7751 


-0.54 


1.9 


1.1 


6.9 


3.1 


21.0 


5.9 


6.1 


4.6 


8.5 


5.5 






[CI IV] A 8045 


-0.57 


2.0 


1.1 


3.4 


1.5 


3.4 


0.9 






0.3 0.2 






He II A 8236 


-0.59 


1.4 


0.8 


3.0 


1.2 


1.6 


0.4 






0.6 


0.4: 






P17 A 8467 


-0.62 


0.5 


0.3 


0.9 


0.4 


1.3 


0.3 






0.5 


0.3: 


1.1 


0.3 


P16 A 8502 


-0.62 


0.7 


0.4 


1.1 


0.4 


1.9 


0.4 






0.7 


0.4: 


1.5 


0.5 


P15 A 8544 


-0.63 


0.9 


0.5 


0.9 


0.4 


2.5 


0.6 






0.9 


0.5: 


1.6 


0.5 


P14 A 8598 


-0.63 


1.0 


0.6 


1.2 


0.5 


2.6 


0.6 






0.6 


0.4: 


1.8 


0.6 


P13 A 8664 


-0.64 


1.3 


0.7 


2.3 


0.9 


3.5 


0.8 






1.2 0.7 


2.4 


0.7 


P12 A 8750 


-0.64 


1.7 


0.9 


2.7 


1.0 


4.0 


0.9 


1.6: 


1.1: 


i.e 


0.9 


3.1 


1.0 


Pll A 8862 


-0.65 


2.7 


1.4 


2.9 


1.1 


6.2 


1.3 


1.4: 


1.0: 


2.0 1.1 


4.7 


1.4 


PIO A 9014 


-0.67 


2.4 


1.3 


4.2 


1.6 


5.8 


1.2 


2.6: 


1.8: 


2.5 1.4 


5.1 


1.5 


[S III] A 9069 


-0.67 


11.0 


5.8 


66.6 


24.7 


206 


42.1 


21.2 


15.0 


77.8 43.1 


33.6 


9.9 


P9 A 9228 


-0.68 


4.4 


2.3 


7.3 


2.7 


11.5 


2.3 


3.2: 


2.2: 


5.0 2.7 


8.1 


2.3 


[S HI] A 9532 


-0.70 


26.9 


13.7 


71.3 


25.4 


476 


90.6 


18.1 


12.6 


185 99.8 


105 


29.2 


P8 A 9546 


-0.70 


4.7 


2.4 


5.2 


1.9 


8.2 


1.6 










5.0: 


1.4: 


c 






0.42 




0.64 




1.03 




0.23 




0.38 




0.80 


log 




-11.61 




-11.70 




-11.85 




-11.75 




-11.46 


-11.26 





^'ergs cm ^ s ^ in our extracted spectra 
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Table 2H. Line Strengths 



Line 


f(A) 


PB6^ 


PCM 


Pel- 18 


Th2-A 


F(A) 1(A) F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


[O II] A 3727 





29 




■ 40.6 59.7 4.8:: 


20.7;; 


72.9 


137 


He II + HIO A 3797 





27 




• 3.5: 


: 5.0: 


: 2.1 


f5.U 






He II + H9 A 3835 





26 




5.6 


: 7.9 


: 1.2:: 


A a,, 
4.d:: 






[Ne III] A 3869 





25 




• 75.0 105 30.2 


1 C\'7 




lyi 


He I + H8 A 3889 





25 




• 16.7 23.1 4.3 


±4.cS 




100 


He + [Nc III] A 3968 





22 




• 36.2 48.7 13.7 


42.1 


48.0 


( I .( 


Hel + He II A 4026 





21 




2.1 


: 2.8 






O- ■ 


v5.0.. 


[S II] A 4072 





20 




1.7 2.1 2.7 


7 






He II + H5 A 4101 





19 




• 21.9 28.1 9.1 


OQ Q 


1 ^7 Q. 
1 ( .0: 


zo.d: 


He II A 4198 





16 
















C II A 4267 





14 




■ 0.6: 


: 0.7: 










H7 A 4340 





12 




• 40.1 47.3 21.7 


Af\ A 


o{ .0 


ylQ A 
4y.4 


[O III] A 4363 





12 




4.i 


i 5.7 4.3 


7 C 
/ .0 


1 Q Q 


1 / .c5 


He I A 4471 





09 




4.i 


i 5.4 3.7 


o.y 


O.D.. 


A A-- 


He II A 4540 





07 




0.3 


: 0.4 






1 Q 





N III A 4640 





05 




• 17.5: 


: 18.6: 










He II A 4686 





04 




3.3 


: 3.5 


: 0.4:: 


U.o:: 


Ad Q 

40. cS 


ou.o 


He I + [Ar IV] A 4711 





03 




0.6 


: 0.6 


: 0.3:: 


0.3:: 


1.8:: 


1.9:: 


[Nc IV] A 4724 





03 
















[Ar IV] A 4740 





02 




1.4 1.4 1.9: 


1 ■ 




1.6. . 


H/3 A 4861 





00 




100 100 100 


1 on 

iUU 


1 fin 

lUU 


1 nn 

iUU 


He I A 4921 





00 




• 1.0: 


: 1.0: 


: 1.7:: 


1.7;; 






[O III] A 4959 


-0 


03 




422 406 439 


o77 


556 


521 


[O III] A 5007 


-0 


04 




• 1306 1236 1400 


1 1 Q'7 


1 71 n 




[N I] A 5199 


-0 


09 








1.5:: 


1 n- - 
i.U:. 


1 1 ■ ■ 

1. i. . 


1 n. ■ 
i.U.. 


He II A 5411 


-0 


13 




• 0.2: 


: 0.2: 






4.Z.. 


Q 1 - - 
O.i.. 


[CI HI] A 5517 


-0 


16 




• 0.5: 


: 0.4: 


: 0.6:: 


U.O.. 






[CI III] A 5537 


-0 


16 




• 1.0: 


: 0.8: 


: 1.7:: 


U.O.. 






[O I] A 5577 


-0 


17 




■ 0.2: 


: 0.2: 


: 2.0:: 


U.y:: 


Q 0.. 

o.z:: 


0. . 

z.z:: 


[N II] A 5755 


-0 


21 




• 0.6: 


: 0.5: 


: 14.0 


5.0 


5.2:: 


3.3:: 


C IV A 5801 


-0 


22 




■ 31.J 


i 23.9 12.3:: 


4.2:: 






He I A 5876 


-0 


23 




• 22.3 16.4 70.0 


22.0 


18.3 


11.1 


He II A 6005 


-0 


26 
















He II A 6038 


-0 


26 
















He II A 6074 


-0 


27 
















[Ca V] A 6087 


-0 


27 




■ 0.1: 


: 0.1: 










[K IV] A 6101 


-0 


28 
















He II A 6119 


-0 


28 
















He II A 6172 


-0 


29 
















[O I] A 6300 


-0 


31 




3.6 2.4 26.6 


5.6 


7.5: 


3.8; 


[S HI] A 6312 


-0 


32 




2.8 1.8 15.6 


3.2 


8.1: 


4.1: 


[O I] A 6363 


-0 


32 




1.0 0.7 ••• 




2.5 


1.2 


He II A 6407 


-0 


33 
















[Ar IV] A 6436 


-0 


34 


0.7 •• 














[N II] A 6548 


-0 


36 


25.4 • • 


■ 26.1 16.3 265 


44.3 


102 


47.4 


H« A 6563 


-0 


36 


100.0 • • 


460 286 1730 


286 


619 


286 


[N II] A 6584 


-0 


36 


80.7 • • 


■ 65.8 40.7 677 


110 


260 


119 
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Tablc 2H — Contimicd 







PB6'' 


PC14 


Pel- 18 


Th2-A 


Line 


f(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


F(A) 


1(A) 


He I A 6678 


-0.38 


1.0 ••• 


a Q 
D.y 


A 9 


oO.o 


O.O 


D.y 


Q 1 
O.l 


[S II] A 6717 


-0.39 


2.0 •■• 


o.o 


. 


1 /I 
io/i 


9 9 


1 /I 


7 9 


[S II] A 6731 


-0.39 


2.8 •■• 


lo.o 


O.U 


OZ.U 


A 


1 Q S 


O.O 


He II A 6891 


-0.42 


0.3 ■■• 














[Ar V] A 7005 


-0.43 


1.7 ••• 














He I A 7065 


-0.44 


1.05 • • ■ 


C5. 1 


A Q 


liU 


ion 


O.U. 


O 9. 


[Ar III] A 7135 


-0.45 


5.6 ••■ 


•^1 7 

Ol. 1 








(\A n 


OA 9 


He II A 7178 


-0.46 


0.7 ••• 














[Ar IV] A 7236 


-0.47 


0.2 ••• 


1 ft" 


u.o. . 


A 1 
4. J. 


n A 






[Ar IV] A 7264 


-0.47 


0.2: ••■ 














He I A 7281 


-0.47 


0.2 ••■ 




n 7 


O 1 

y. i 


U.o 






[O 11] A 7323 


-0.48 


2.3 ••• 


8.0 


4.2 


122 


11.0 


14.7: 


5.2: 


[CI IV] A 7529 


-0.51 


0.2 ••• 


0.3: 


0.2: 


2.2:: 


0.2:: 






He II A 7591 


-0.52 


0.3 • • • 
















-0.54 


0.2: 
















[Ar III] A 7751 


-0.54 


1.4 ■■■ 


7.4 


3.6 


93.2 


6.3 


14.9 


4.7 


[CI IV] A 8045 


-0.57 


0.5 ••■ 


0.8 


0.4 


6.4 


0.4 


2.8:: 


0.8:: 


He II A 8236 


-0.59 


1.3 ••■ 


0.2:: 


0.1:: 






2.8:: 


0.8:: 


P17 A 8467 


-0.62 






0.8 


0.3 


8.6 


0.4 


2.9 


0.8 


P16 A 8502 


-0.62 


0.2 




1.0 


0.5 


10.6 


0.5 






P15 A 8544 


-0.63 


0.2 




1.1 


0.5 


12.6 


0.6 






P14 A 8598 


-0.63 


0.3 




1.3 


0.6 


13.7 


0.6 


5.1:: 


1.3:: 


P13 A 8664 


-0.64 


0.3 




1.4 


0.6 


15.4 


0.6 






P12 A 8750 


-0.64 


0.4 




1.8 


0.8 


22.2 


0.9 


6.2:: 


1.6:: 


Pll A 8862 


-0.65 


0.7 




3.0 


1.3 


31.9 


1.2 






PIO A 9014 


-0.67 


0.6 




•■• 3.5 


1.5 


37.3 


1.3 






[S III] A 9069 


-0.67 


7.5 ••• 


81.0 


33.5 


856 


30.1 


98.9: 


23.5: 


P9 A 9228 


-0.68 


1.2: ■■■ 


6.1 


2.5 


67.4 


2.2 


11.0: 


2.6: 


[S HI] A 9532 


-0.70 


22.5 ••■ 


118 


46.9 


3184 


96.7 


197: 


44.1: 


P8 A 9546 


-0.70 


0.9: 


•■• 1.4: 


0.5: 


52.5: 


1.6: 






c 










0.57 




2.17 




0.93 


log FH^b 




-11.58 
Ha 


-11.78 




-13.01 




-12.75 





''PB6 was observed only in the red; line intensities are all relative to 
Ha=100, and the observed flux in Ha is shown. 

''ergs cm~^ in our extracted spectra 
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Table 3 A. Extinction Quantity c 



Object c(Ha) c(PlO) c(P8) 



Cn2-1 





72 





69 





56 


Fg 1 





26 





05 





00 


He2-21 





32 





25 





31 


He2-37 





69 










He2-48 





36 










Hc2-55 





60 





93 





22 


Hc2-115 


2 


03 


1 


72 


1 


70 


He2-123 


1 


47 


1 


28 






He2-138 





19 





08 





00 


He2-140 


1 


86 


1 


45 


1 


63 


He2-141 





61 





37 





39 


He2-157 


1 


62 






1 


46 


He2-158 





40 










IC 1297 





07 





00 






IC 2448 





09 





05 





00 


IC 2501 





56 





30 





65 


IC 2621 





75 





70 





89 


IC 4776 





15 





05 






J320 





23 





15 





09 


Ml-5 


1 


22 





30 


1 


35 


Ml- 25 


1 


34 


1 


17 






Ml-34 


1 


22 





99 


1 


22 


Ml-38 


1 


03 





52 





87 


Ml-50 


1 


15 


1 


02 






Ml-54 





84 





74 





00 


Ml-57 


1 


80 


1 


49 






M2-10 


1 


18 





43 





82 


M3-4 





38 









09 


M3-6 





35 





00 





45 


M3-15 


1 


85 


1 


34 






NGC 2792 





67 





58 





51 


NGC 2867 





26 





15 





00 


NGC 3195 





24 





20 





00 


NGC 3211 





25 





20 





07 


NGC 3242A 





00 





00 





00 


NGC 3242B 





04 





05 





00 


NGC 5307 





42 





17 





16 


NGC 6309 





64 





55 





22 


NGC 6439 


1 


03 





76 






NGC 6563 





23 





23 






NGC 6565 





38 





20 






NGC 6629 





80 





68 






PB6 














PC14 





57 





43 






Pcl-18 


2 


17 


2 


01 






Th2-A 





93 
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Table 3B. Line Ratios^ 



Object 


[Ne III] 


[O III] 


[Nil] 


[Ar III] 


PlO/H/3 


P8/H/3 


[S III] 


Cn 2-1 


3.64 


3.05 


3.30 


4.35 


0.018 


0.028 


1.98 


Fg 1 


3.45 


3.03 


2.86 


4.96 


0.014 


0.021 


3.08 


He2-21 


3.65 


3.02 




4.77 


0.016 


0.036 


1.92 


He2-37 


3.25 


3.04 


2.76 


5.08 






2.89 


He2-48 


3.01 


3.01 


2.78 


3.17 






2.90 


He2-55 


2.96 


3.01 


2.60 


3.85 


0.029 


0.020 


1.91 


He2-115 


2.73 


3.10 


2.81 


5.10 


0.011 






He2-123 


4.04 


3.13 


2.89 


5.33 


0.013 




2.04 


He2-138 






2.69 


5.53 


0.016 


0.005 


1.03 


He2-140 




3.33 


2.88 




0.009 


0.023 


1.44 


He2-141 


3.23 


3.05 


2.97 




0.012 


0.026 


1.30 


Hc2-157 




3.10 


2.83 


5.31 




0.026 


1.13 


Hc2-158 


3.50 


3.09 


2.36 


4.62 






1.06 


IC 1297 


3.10 


3.02 


2.52 


4.77 


0.016 




2.87 


IC 2448 


3.12 


3.04 




4.00 


0.017 


0.017 


2.08 


IC 2501 


2.83 


3.03 




4.00 


0.012 


0.041 


2.21 


IC 2621 


3.21 


3.01 


2.55 


4.68 


0.017 


0.044 


4.28 


IC 4776 


3.04 


3.04 




4.30 


0.016 




2.96 


J320 


3.11 


3.05 




4.50 


0.017 


0.029 


2.75 


Ml-5 




3.07 




4.42 


0.004 


0.043 


2.90 


Ml-25 


2.26 


3.12 


2.74 


4.50 


0.014 


0.014 


2.91 


Ml-34 


2.69 


3.03 


2.96 


4.54 


0.013 


0.035 


2.83 


Ml-38 






2.72 


d.OO 


0.009 


0.027 


1.81 


Ml-50 


3.22 


3.02 




4.56 


0.015 




2.98 


Ml-54 


0.59 


3.01 


2.95 


4.63 


0.015 




1.39 


Ml-57 


5.07 


3.16 


2.95 


5.19 


0.011 




2.72 


M2-10 


2.74 


3.12 


2.82 


4.68 


0.006 


0.020 


1.52 


M3-4 


3.06 


2.99 


2.78 


4.71 




0.027 


2.87 


M3-6 


3.54 


3.01 




5.41 


0.007 


0.042 


2.20 


M3-15 


7.07 


3.13 


2.03 


4.56 


0.008 


0.010 


2.69 


NGC 2792 


3.23 


3.04 




4.89 


0.016 


0.028 


3.00 


NGC 2867 


3.16 


3.00 


2.34 


4.44 


0.015 


0.021 


3.48 


NGC 3195 


2.69 


2.98 


2.93 


5.12 


0.017 


0.019 


3.55 


NGC 3211 


3.04 


3.01 




4.89 


0.017 


0.027 


2.60 


NGC 3242A 


4.13 


3.00 




4.24 


0.014 


0.023 


3.29 


NGC 3242B 


3.05 


3.00 




4.39 


0.018 


0.030 


2.79 


NGC 5307 


4.12 


3.05 




4.55 


0.013 


0.024 


2.36 


NGC 6309 


3.15 


3.02 


2.83 


4.84 


0.016 


0.019 


1.03 


NGC 6439 


3.74 


3.03 


2.48 


4.71 


0.012 


0.016 


2.15 


NGC 6563 


2.95 


3.06 


2.85 


4.65 


0.018 




0.84 


NGC 6565 


3.05 


3.02 


2.92 


4.73 


0.014 




2.32 


NGC 6629 


3.43 


3.05 


2.51 




0.015 


0.014 


2.95 


PB6 
















PC14 


3.20 


3.04 


2.50 


4.83 


0.015 




1.40 


Pel-18 


4.08 


3.02 


2.48 


5.17 


0.013 


0.016 


3.21 


Th2-A 


3.09 


3.02 


2.51 


5.15 








Mean 


3.25 ±.69 


3.05±.06 


2.72±.25 


4.67±.46 


0.014±.004 


0.025±.010 


2.35±.80 


Theory 


3.32 


2.89 


2.95 


4.14 


0.018 


0.037 


2.48 



''[Ne III]: A3869/A3968; [O III]: A5007/A4959; [N II]: A6584/A6548; [Ar III]: A7135/A7751; 
PIO/H/J: A9014/A4861; P8/H/3: A9546/A4861; [S III]: A9532/A9069. 
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Fig. 1.— Spectrum of IC 2621. 
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Fig. 2. — A comparison of logarithmic extinction c as determined using the Paschen 8 and 10 
hnes versus the value inferred from using Ha. The solid line shows the track for a one-to-one 
correspondence. 



